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This Edition of the " Irrigation Works ” Manual is a reprint of 
the Section No. X. on this subject, in the 2nd Edition of the 
Roorkee Treatise on Civil Engineering, In the Prefac^^tS^ that 
work, Col. Medley wrote thus : — 

'^The Section on Irrigation Works has been much enlarged, 
many, additional examples given, and a few valuable notes added 
by the late Col. Anderson, II.E. : I am also greatly indebted to 
Captain Scott Moncrieff, R.E., Superintending Engineer, Ganges 
Canal, for information and corrections supplied in the Chapters 
relating to Canal Management.^' 

A. M. L. 

10th February^ 1873. 
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The want of a text-book has been long felt in teaching the princi- 
ples of Irrigation Works to^the Students of this College, and the 
object of this Manual is chiefly to supply that want ; but it is hoped 
that it will also be found of service to young Engineers in the Irri- i 
generally. 

consulted in the preparation of this treatise have 
been the following : — 

Sir P. Cautley’s Heport on the Ganges Canal. 

^ „ „ Eastern J umna Canal. 

Capt. "jiOyas* Report and Revised Estimate of the Baree Doab 
Canal. 

Capt. Crofton's Report on the proposed Sutlej Canal. 

Col. Dicken^s Report on the proposed Soane Canal. 
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Capt. Morton's Treatise on Rajbuhas. 
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proof-sheets, and by the addition of many valuable notes and 
corrections. Lieut. MoncriefF, R.E., has also assisted me in some 
of the calculations, and to Mr. Login, I am indebted for Plaie I. 
of the Series. I need hardly draw attention to Major Brownlow's 
valuable Memorandum on Canal management, which will be found 
in the Appendix. 

This treatise, like those on Roads and Bridges, lately published, 
was originally written in the form of Lectures, which were deliver- 
ed at the Calcutta C. E. College in 1802, and in the Thomason 
College in 1863. • 
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The “First Series of Professipnal Papers on Indian Engi- 
neering was brought to a close at the end of 1870. This publica- 
tion had been ably edited for seven years by Colonel J. G. Medley, 
R.E., while he held the post of Principal of the Thomason C. 
College at Roorkee, and when he left India, the material collected 
and published by him as records of Indian Engineering amounted 
to 294 separate papers forming seven Volumes, and published at a 
price of Rs. 120. As many an Engineer who had not been amono- 
the original Subscribers td this serial publication, while unwilling 
to expend so large a sum on the purchase of the complete Series, 
might be glad to possess himself, at a more moderate cost, of such 
papers as bear directly upon the branch of Engineering in which 
he is Especially engaged or interested: it has been decided to 
publish a small Edition of the “First Series” of “Professional 
Papers on Indian Engineering” in a classified form: arranging 
methodically as ten separate Volumes, the original papers or articles 
which were before (necessarily) published j.n no systematized form 
in the seven annual Volumes. 

The subject, contents, and price of each Volume (or Section) of 
this Edition are as follows : — 


as. A. p. 

Section A. — Architecture and Building, ... 25 0 0 

B. — Bridges, 16 0 0 

C. — Roads and Railways,... ... 20 0 0 

D. — panals, Tanks and Irrigation, 20 0 0 
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• Section E|»-River and River Works, ... 15 0/0 
F.— Light-houses and Harbour Works, 6 0^0 

„ G. — Water Supply and Drainage, ••• ^ 0 0 

„ H. — Surveyipg, P 0 

„ I. — Military Engineering, 7 0 0 

„ k. — Engineering Mathematics, "... 12 8 0 

In this form the Engineer whose duties and tastes incline him 
to the stud}’ of Hydraulip Engineering can purchase all the papers ^ 
in this series relating to irrigation in a complete and compendious 
form and -at a moderate cost, without having to pay for articles on 
general building, or railways, or on other subjects in which he 
has no immediate interest. And similarly the officer employed on 
Barracks, Churches or other Public Buildings will probably con- 
tent himself with the purchase of Section A alone, and will find 
all the papeft bearing on this branch of Engineering, collected into 
one book, instead of scattered through seven volumes. 

Copies of the First Series are still available in their original 


Vol. 1. 2nd Edition, 12 0 0 
„ II. „ ^ ^ 

„ III. 1st Edition, 18 0 0 
IV. .. .. 18 0 0 


Vol. V. Ist Edition, 18 0 0 
„ VI. „ „ 18 0 0 

„ VII. .. .. 14 0 0 


" A Second Series has been commenced, and a number is pub- 
lished once in every three Hlbnths. The first Volume, costing Rs. 
21, will consist of six Nos., of which five have been already 
issued. 


A. M. L. 
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IRRIGATION .WORKS. 


1. InniGATioiT is either Natural or Artificial. The former depends 
upon £.ain, upon Wells, and upon the flooding of Kivers. The latter 
comprises two important classes of Works — Canals and Tanks — which 
will be treated of in their proper order. 

With Kain Irrigation the Engineer has nothing to do except under 
the head of Drainage of Lands ; a separate branch of Engineering 
which will not be treated of under this Section. • 

" CHAPTER I. 

WELL IRRIGATION. 

2. With Well Irrigation the Engineer’s chief business is to devise 
maohiEi^i'y fof raising the water, which more properly belongs to the 
subject of Mechanical Engineering. 

It may be useful however to show the cost of raising water by the 
various methods generally used in India, — if only to show the utility of 
introducing Canal or Tank Irrigation even in districts already irrigated 
by wells. Some idea may be formed of this when it is considered that 
the Ganges Canal alone is calculated to perform the work of 300,000 
men and 1,200,000 bullocks, besides inirreasing the produce of well- 
irrigated crops by 50 per cent. 

The three modes in general use for raising water from wells in India 
are the Paecottah for Bengal (and Southern India, when tanks do not 
exist), the M6t or Churm for the N. W. Provinces, Rajpootana, &c., 
and the Persian Wheel for the Punjab. 

3. The Paecottah or Latfia^ is a lever with a bucket at one end at- 
tached by a rope, and a counterpoise at the other end. It is worked 
by two men, who 'will work at it from 6 to 8 hours daily and, it is 
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faid,* they will in 6 hours raise 2,600 cubic feet of water from a depth 
• of 20 feet. Another calculation, t however, gives 1,357 fts. of water 
as drawn from a depth of 36 feet in half an hour, equivalent to 260 
cubic feet in 6 hours ; and this result, making allowance for the differ- 
ence of lift, differs so widely from the first, that neither can safely be 
taken as a guide. -When the depth is moderate (according to the 
same authority) three men with two lathas will water from one-third 
to two-thirds of an acre daily 

The walking beam is another form of the paecottah, by which one 
man, it is said,J can raise 400 cubic feet in a working day of 8 hours 
from a depth of 11 feet, which agrees better with the second of the 
two calculations given above. 

4. The M6t or Churus used in the N. W. Provinces and elsewhere, 
consists of a leathern bag made from a whole ox-hide, which when 
filled, ifl raised from the well by 2 bullocks walking down a slope, and 
emptied by^ attendant on arrival at the top. Sometimes it is fitted 
with a leathern pipe at the bottom of the bag, which, by means of a 
string, can be worked by the bullock driver from the end of the slope 
so as to empty the bag and dispense with the sesvices of the attendant. 

Sometimes also, by means of a drum, two mots are worked, one be- 
ing raised while the other is lowered. 

“ Three men and two oxen work a mot from morning until evening, 
with a refreshment of only about of fths of an hour. In a well 33*feet 
from the surface to the water, a mot in half an hour drew 7,210 flis,; 
but such superiority over the lathas is not admitted by the natives, who 
contend that three lathas wrought by four men are equal to a m6t 
wrought by three men and two oxen. This, however, I have no doubt, 
is a mistake, unless when the water is very near the surface.”§ 

II ‘*Frum personal measurement we deduce that a leather bag as 
used in the ^orth-West Provinces, contains 4 5 cubic feet, and that 
two pair of bullocks, relieving each other in the manner above described, 
will raise this bag full of water to the surface of the ground forty times 
in an hour. Supposing the bullocks work ten hours a day, and taking 
ninety days as the working season, we have the following result : — 4*5 
X 40 X 10 X 90 = 162,000 cubic feet^ One acre =: 43,660 super- 

• Maam Engineer Papers, Vol. II. j Oleanings in Science, Vol. I. 

t Gleanings in Science, Vol. II. 9 Gleanings of Science. 

li Calcutta Engineer’s Journal. * 
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ficiftifeet. = 3:7^i^et|^^^c076red 1 &> 0 t d^^ith water, as tbe 

result of the labor of ^o palrs'oCWlIo^ir'tf^d three men, working ten 
l^ours a day for ninety day^ ^rtjm'the above description of the well 
" system of Irrigation, it wilt be seen that it is very expensive, and cai# 
only be of very restricted application. 

** Besides the objection of expense in working, this system is quite 
impracticable in large tracts of the Doab, as the sandy nature of the 
sub-soil entails the necessity of masonry wells, and it is quite plain that 
such a well, costing at least Bs. 500 to even every 20 acres, is entirely 
out of the question. The ordinary well is simply a round hole, lined, 
for a few feet of its height from the bottom, with a wooden 4 >r plaited 
brush-wood casing.” 

5. Tbe following Notes on this subject, from Colonel Dickens* 
Beport on the Soane Canals ( published in) will also be found useful : — 


The irrigation of the spring crop is for the most part effected by drawing water 
from wells bj means of bullocks and the leather bag called a mdt. In some places, 
where the water is near the sarfuce, the %\cightcd lever (/Jf) is used, bat it is a 
more expensive mode of raising ^\atcr than by the bullocks and mSt, except where 
the depth of the wells is very small. 

The wells are not decp,^eaching generally from 18 to 28 feet below the surface:* 
on the average perhaps 22 feet. But the snpply of water is in most parts of the 
district scanty, and little more tlian a foot remains in the wells w'hile the m6t is 
in n.so. 

To irrigate the crop, the water is run through the fields in channels, whence it is 
sprinkled over the crop with wooden scoops. This mode of irrigation is very inferior 
to that practised in other parts of India (and for opium in Shahabad) of allowing the 
water to submerge the whole field, plot by plot. 

With wells of the average depth, the irrigation requires two pairs of bullocks (to 
work and rest by turns) and t\M» men at the well, besides a woman or boy in the field 
to form the channels and sprinkle the water. On an average, one mSt will water 
about fths of a bcogah (ftlis of an acref) in a day. A laborer who has received an 
advance of money fn>in his employer gets 2^ or ,*{ seers (5 or 6 lbs.) of one of the 
cheapest kinds of grain as bis daily wages, value about 3 pice, or 20 or 21 ffunda$ 
(or fours) to the rupee (that is 80. to 84 to the rupee, 40 to 42 pice to a shilling). 
A laborer not in debt is allowed 4 seers of grain, \ alue about 4 of the pice current 
in tbe district, or Jths of an anna of the Company’s coinage (IJ penny) as his 
day's wages. I was not able to form a satisfactory direct estimate of the coat of 


* This refers to the Shahahoil and other districts in Bchor. In tbe Punjab the distance to the ear- 
face of the water from tbe ^nnd is often 40 or 50 feet. The len^h of the time then consnmed 
In railing the Mdt makoe it inferior ta the Pendan Wheel, hereafter described, which gives a 
canUnuous streajn.— [Snj. 

t The beegah of 9,02S squwo jards is used in gbahabad. 



keeping up the bullocks and their gear with the mtU kut I found the establi^ed 
rate of hire for the two pairs of bullocks with gear and mot is 4 annas (6 pence) 
k day* The cost to the proprietors would, I suppose, be something less. I therefor# 
set down the cost of one day^s irrigation from wells, as follows : 

• RS* A. P. £ d. 

3 men, •• •• •• •• •• 016 00 2^ 

1 woman or boy, omitted, being also required 
for canal irrigation *. 000 000 

Bullocks and mot, *. •• •• 086 00 SJ 

• 

One day, or to water fthsof abeegah, fthsacre, 0 5 0 0 0 7k 

To water a beegah once, therefore, costs Rs. 0 8 4 

And an acre, £ 018 


The greater part of the spring crop is watered only once or twice in the season, 
but some of it three times, particularly w'heat. Wheat in some few places is wa- 
tered four times. Where the irrigation was industriously applied I generally found 
the rule to be to water barley twice auQ three times. Tbe excuse for not irrir- 

gating more in places where the above was not acted up to, was more frequently want 
of time than want of water. 1 am inclined to think the real cause is often iudoleuce 
rather than scarcity of labor. But for either case the supply of canal irrigation 
affords a remedy, as it saves both laborers and trouble. 

6. Excepting in thb rich land near the Ganges and a few other fa- 
Tored spots, the unirrigated crops of wheat and barley are*very scanty, and arc said 
to produce only from 2 to 6 maunds of grain per beegah (2r»C to 610 lbs. per acreX 
and those irrigated once or twice yield onlj- from 4 to 8 maunds (512 to 1,024 lbs. 
per acre). Irrigated three times, the crop is said to yield from 7 to 10 maunds (89fi 
to 1,280 !ba per acre); but the people told me if they could irrigate four times, UKiiig 
abundance of water, they would get from 10 to 15 maunds of grain per beegah 
(1,280 to 1,920 lbs. per acre). 

Colonel Cautley states the produce in the Seharnnpore and Bolnndshnhur dis- 
tricts to be about 84 maunds per beegidi for nnirrigated, aud 13 maunds for irrigated, 
land (1,089 and 1,702 lbs. per acre). There is certainly a very’ much greater difference 
than this in most parts of Shahabad ; and allowing for some exaggeration in the native 
acconnt above given, I think the supply and use of abundance of water to irrigate the 
crops would double the produce of the greater part of the district. 

Watering three times in the imperfect way above described, costs as above shown 
about Rs. 1-9-0 per beegah (5 shillings an acre) for the season,* and it is evident that 
the money is w'ell laid out Doubling the rate of water-rent levied in the Nortb- 
Westem Provinces (that is charging Rs 1-4-0 instead of Ks. 0-10-0 fier beegah), 4 
shillings instead of 2 per acre, we should be able to supply the cultivators with 


* Lieut -Col Baird Smith (page 881, Vol. I., Italian Irrigation) makes it (omitting interest of 
capital) £l-n.2|. He has, however, calculated the hire of the men and beasts for the whole year 
while my calculation extends only to the period of irrigating the spring crops. Taking the Irrtga^ 
ting season at 4 months or 4td of the year, the rate comes to £o-10-4| The dlffetonoe between this 
and my estimate may be owing to the greater depth of wells and the more liberal scale of Iniaa. 
ton. But the wages and coat of bullocks differ greatly from those in Shkhabad, 



biigation 25 per cent, cheaper than they get it now, and, in addition, give them 
mil the advantages of four thorough drenchings for their crops instead of three 
aprinklings. They will, besides, have the canal supply of water all the rest of the^ 
year without any fmther payment, and will be able to turn it to more profitable 
account in raising more valuable crops than the wheat and barley, which alone I 
bave calculated upon. 

7. 1 found the water bags used in Shahabad bold on an average 
about 2$ cubic feet of water. They were worked for short periods at the rate of 
about 25 per hour, but that was not kept up throughout the day, and the total num- 
ber raised daily was said not to exceed 150. To be sure of making a liberal calcn- 
lation I shall, however, take it at 300. This, therefore, I take as the bnlk of water 
required for f ths of a beegah ( Jths of an acre) for one watering. For a whole beegah 
this gives 500 bags (800 per acre) for one watering, and 2,000 (3,200 per acre) for 
four waterings, or a full season’s irrigation. Bat this is for the imperfect kind of 
irrigation practised in Shahabad. To irrigate thoroughly 1 shall supposh doable the 
•quantity of water ikeoessary, that ia|, 4^000 bags or 11^000* cubic feet per beegah 
^17,600 cubic feet per acre). 

The irrigating season in Shahabad commences abont the beginning of November and 
terminates at the end of February. It lasts, therefore, about 120 days. Now one cubic 
foot of water per second for 120 days is 10,368,000 cubic feet, which will water 942 
beegnhs, or 588 acres. But this is the supply to be delivered from the canal, and it 
is necessary to add to it the quantity required to make up for the wastage in passing 
down the channel, in order to determine the discharge required at the canal head. 

6. The following detailed calculations of the performance and cost 
of various irrigating biachines are extracted from Frofessional Fapert, 
Vol. I. [First Series.] ' 

The heights assumed for raising the water in each case are those for which it is 
believed the several machines could be most generally and nsefully employed. 

The value of the modulus and the useful effect in each case are assumed aftor 
due consideration of the structure of each machine and the amount of spillage or 
waste. 

1. The Paecottah. — (One man employed). 

Water raised Ifi feet. Content of backet = ‘45 cubic feet 

Number of discharges per minute = 3. Discharge per hour = 81 cubic feet 

If we take the useful effect or discharge at 90 per cent., we get — 

Actual discharge per hour = 72‘9 cubic feet = 455'4 gallons. 

2. Baling. — (Two men employed). 

Water raised 6 feet. Deliveries in each minute = 20. 

One delivery = J cubic foot Delivery per hour = 400 cubic feet 

If useful effect = 75 per cent, then — 

Actual discharge per hour = 800 cubic feet sss 1890 gallons. 

8. The Single man and two bullocks employed). 

Water raised 40 feet Speed of bullocks s= 2 miles sn hour. 
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Space gone over by the bullocks at one lift = 80 feet Content of bnp = 3 cubic 
feet. 

Time required for bullocks in turning = *4 minute. 

• Number of lifts per minute = 1‘18. 

Discharge per bout = 213*6 cubic feet. Useful effect = 70 per cent 
Aeh^l discharge per hour ^ 14^*5 = 934 gallons. 

tlm, ra ed ulus = *9 and the wmght of the rope and bag — 42 pounds, the 
^ Vj^eru^ime is = 2ii6 pewds. 

jifdf.-*KOne mito add bidtoeka employed). 

‘l|j|ilsr rtdsed 40 feet Speed of bullockt ^ 2 miles an hour. 

’ ^Buieter of barrel = 3 feet Diameter of bullock as 16 feet 
.^mhber of toms of bullock per minute a= 3*4. 

Total time lor raisingthe big = 1 *4 minute. Content of bag s= 8 cubic feet 
l)iscbage per honr by 2 bags = 252 cubic feet. Useful effect =: 65 per cent 
Actual discharge hour = 165*8 cubic feet = 1045 gallons. 

Ratio of power and weight = 3 : 16. Total weight to be raised as 460 jxmnds. 

. Tukmg the modalas = *7, we get — Work applied = 657 pounds, 

Bequiied traction = 124 pounds. 

5. The Single Persian Wheel. — (One naan and two bnllocka employed). 

Water raised 40 feet. 

Diameter of driving wheel a= 4 feet. Diameter of bucket wheel =: 4 feet. 

At each tnm of the bullocks, C buckets are emptied, and assuming the content of 
each bucket as ^ cubic foot, we have — Discharge at each turn s } cubic foot. 
Length of bullock walk = 62*8 feet, and speed of bnllockp r= 2 miles an hour. 
Number of tams per minute = 2 8. Discharge per hour = 126 cubic feet. 

Useful <^ect = 55 per cent. 

Actual discharge per hour = 69*3 cubic feet = 429 gallons. 

Buckets are 2 feet apart Number of backets required = 40. 

Weight of buckets = 80 pounds. 

20 backets being always full, the weight of the water they contain is = 156 pounda* 
Weight of rope = 22 pounds. 

Total weight to be raised = 258 pounds. Ratio of power and weight =1:5. 
Modulus = 0*6. Work applied = 430 pounds. 

Required traction = 86 pounds. 


6. The Double Persian Tf^eeA— (One man and two bullocks employed). 

Water raised 40 feet. Proportion of gearing = 2:3. 

Diameter ci driving wheel = 5 feet, pitch = 3*92 inches, cogs = 48. 

Diameter of bucket wheel = 3 feet 4 inches, pitch = 3*92 inches, atovea s 82. 

At each tom of the bucket wheel 8 buckets arc emptied, the 2 wheels empty 24 
buckets at each tom of the bullocks. 

Content of bucket = ^ cubic foot. 

Therefore ; Discharge of water at each turn of the bullocka as 2*4 ciritic fret 

If the bullocks work on a lever of 12 feet, the length of the hnlloek walk is as 
feet, and taking their speed at 2 miles an hour, we gc^— 

Speed of bullocks per minute = 176 feet 
^pumlwr of tuns per minute =; 2 a Useful effect « 60 per cent 
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I>uehargeper hour = 198 cubic feet = 1242 gallons. 

The buckets avfi 1 foots inches apart, and the well being 40 feet deep, the requisite 
number of backets for each wheel will be = 60 ; 30 being always fall on each wheel, 
the weight of water on both wheels is = 6 cubic feet = 375 pounds, which is the 
total'weight to be raised, as the weight of the backets and ropes are not taken into 
calculation, on account of their balancing each other. 

Batio of power and weight is = 10 : 48. 

Taking tiie modulus of the machine at *5, we get — 

Required tracti<m = 156 pounds. 
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CHAPTER II. 

CANAL lEEIGATION— INUNDATION CANALS. 

9. Canals are divided into two great classes, those of Iriygation 

• and Navigation. The conditions required to develops one of the for- 
mer class successfully are— 1st, That it should be carried at as high a 
level as possible, so as to have sufdcient fall to irrigate the land for a 
considerable distance on both sides of it ; 2nd, That it should be a run- 
ning stream so as to he fed by continuous supplies of water from the 
parent* river, to make up for that consumed in irrigating the lands. 

The conditions of the latter are, on the contrary, that it should be a 
still water canal, so that navigation may be equally easy in both direc- 
tions ; and, as no water is consumed eicept by evaporation or absorp- 
tion, and at points of transfer from a higher to a lower level, the requir- 
ed quantity of fresh supply is comparatively small, and it is thus most 
economically constructed at a low level. An irrigation canal, boweyer, 
may and should^e as a rule, laid, out so as to serve for navigation as 
well ; the velocity of the stream being made as gentle as is consistent 
with its primary uses, so as to afford facilities for boats ascending 
against it as easily as possible. 

10. It is of Irrigating Canals, as forming the more important class 
of the two, at least as regards India, that the ensuing Chapters will 
principally treat. In England they are unknown, as the rain-fall in that 

• country is so considerable, that the operations of the farmer are prin- 
cipally directed to draining the superfluous moisture from the soil. In 
Italy, where the climate is hotter and drier, there are many fine canal^ 
of which the late Colonel Baird Smith has given an interesting record to 
ttie profession. In India they have been used from time immemorial ; 
and at the present day, Engineers, aided by experience of the past, are 
proceeding rapidly in the development of these useful works, which so 
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largely contribute to tbo productive powers of the soil and to the se- 
curity of the country from famine. 

But, it is only of lat^ears that the true principles on which such 
works should be constructed have been properly studied, or at all un- 
derstood. The first canals opened out by us in India were those which 
had been made two or three hundred years ago, in the times of the 
Mahomedan Emperors, and which had become useless by neglect. The 
alignment of these was, in all cases, very defective, and as money could 
only be spared from time to time for their improvement, cheap and teml 
porary expedients were resorted to, to bring them into use, and make 
them pay as quickly as possible. At first, too, our Engineers, had no 
experience ot such works, nor was there any available quarter from 
which it could be derived. Much, therefore, was done by “ rule of 
thumb,** until the laws of running canals may be said to have gradually 
worked themselves out. On the Ganges Canal, for the first time there 
was new ground to work upon, and Sir P. Cautley and his able assist- 
ants, successfully overcame the difficulties attending that vast project, 
but much was developed during the actual construction of the work, 
iind, if it had to be done over again, much would doubtless, be improved. 
The Baree Doab Canal, in the Punjab, (alsoan^ntirely new work,) was 
commenced some time before the Gaugrt Canal was opened, and, there- 
fore, has only partially benefitted by the improvements suggested since 
the opening of the latter. Even now, it may be said, that many import- 
ant questions connected with canal irrigation are undecided, but the 
experience already gamed may be fairly summarized faff the use of tbe 
young Engineer, to be supplemented by his own hereafter. 

11. A number of important canals have also been opened out in the 
deltas along the east coast of the ^ladras Presidency, and a canal from 
the Toombudra near Kuniool to Cuddopah, a distance of nearly 200 
miles, is now being made by the Irrigation Company. From tbe nature 
of the country, however, any canal operations in tbe central part of the 
Peninsula must uecessarily be of a more difficult aud expensive cbntvc- 
ter than those in the alluvial tracts along tbe coast, aud we may theiw- 
fore look upon the Godavery and Kistna Delta works as tbe best etyle 
of an irrigation system on a large scale that has yet been earned ent } 
or, indeed, that is practicable on the Madras districts. Tbe irrigitioii 
under tbe Cauvery in laujore and Tricbinopuly is also rery impoatanti 
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but it cannot be properly classed under the category of a canal aystem, 
as the main channels which concluct the water to different parts of 
the delta are the natural arms of the Cauvery. The nature of these 
channels and the improvements which have been introduced since the 
district came into our possession will be explained in a subsequent 
Chapter. 

12. Nearly all the great rivers of India are charged with silt during 
the rains. In the upper part of their coiiVse, where the natural fall of 
the country is great, and the velocity of the stream is therefore high, 
this silt is carried forward by the water bolding it in suspension, and 
the action of the stream is generally erosive, and tends to lower the bed ; 
but as the river reaches the plains below, the velocity gradually dim- 
inishes, and at last ialls below that necessary to carry on the silt, which 
thus becomes deposited. The effect of this is to raise their beds, and 
cause them to be constantly shifting their course, and also to raise the 
ground on both sides of their banks, often for a considerable width, by 
successive deposits of silt when they overflow their banks. Thus, 
such rivers will not run in the lowest lines of the valleys, as in ordinary, 
cases, but there will often be a considerable fall from their bank# out- 
wards. It is evident this gives great facilities for such irrrigation 
works, as are above described. 

But in the rivers of Northern India, although there is a certain 
width of lands on each side, (known as the Khadir^) which has been form 
ed, as above ; yet, it is, in general, a very narrow strip. The greater 
portion consists of a high table laud, (the BanguVy) occupying near- 
ly the whole extent of the Doab,* and generally rising very abruptly 
from the hkadir. It is, therefore, impossible to irrigate this high land by 
a short cut from the river; the depth of digging would be too great, and 
the water would never stand at a sufficiently high level to be broughb 
on to the land except by expensive apparatus for raising it. It is 
necessary to go back to a point high up in the river’s course, whence 
the water be brought on to the high land by excavation of a mode- 
rate depth, and by which sufficient command of level may be obtained 
to overflow the surface. 

The land, in Upper India, •bears two crops a year, the BMeeot 
spring crop, which consists chiefly of cereals, and other productions of 

• DoRb, iio (two), ab (WRter). Country between two rivera. 
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temperate climates j and the iL//Mr/»<^orautumn crop, v Inch consists of 
rice, sugar, and other tropical products. As the rivers are at thoir 
highest when the Uureef requires water, so obviously, ii is mucli easier 
to irrigate this crop; which, however, generally gets a liberal supply 
from the falling raiu. But the rubbee, which is by far the more valu- 
able, requires water when the rivers are at their lowcsst, and rain is 
always uncertain. 

18, After the above expUnation, we may now proceed to describe the 
y timplest kinds of canals used in Upper India, which are generally 
f kndwn as Inundatio n CanalS f of which there are many existing along 
the boVders of the Punjab rivers and in Sindh by which the kkuditof 
low land is irrigated. Cuts are made from the river inland, for a cer- 
tain distance, and are then carried in a direction generally parallel to 
the fall of the country, or the course of the river. By these, when the 
latter is in flood, the autumn crop is watered. Alos before the river 
floods subside the canals give the means of inundating some of the 
lands intended for the wheat and other spring crops, the further supply 
required to bring them to maturity being raised from wells. But owing 
to the depth of the spring water increasing with the distance from the 
rivers, the almost total absence of rain and the insuffleieot number of 
canals, a very small proportion of the fertile alluvial tracts in the 
valleys of the Indus and its tributaries is at present under cultivation. 
Daring the cold season, laborers are employed to clear the canals of 
the silt which was left by the waters in their beds or heaped up at their 
mouths, varying from 1 to 6, or even 10 feet in depth. Ihe irrigation 
is carried on by means of branch canals leading from the main one, 
whence the water is carried by minor channels on to the fields. When 
the levels do not admit of surface irrigation, the water ia raised from 
the canal itself by the Persian wheel, or a temporary dam is placed 
across the channel to raise the level. Many of these canals have been 
made for the last 300 years, and are still in good working order, though 
kept so only by continual labor; their course is very crooked, follow, 
ing ©very winding of the ground, having been, in fact, laid out without 
the use of levelling inetrumenta. The main cbannela vary in i». gtiT 

from five to fifty miles, but they are generally too nsrrow for nav^ 
tion. 

14. No fee or tax is usually levied for the us^ of the water, but it 
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was the custom under the native Government to clear out the canala 
by statute labor, the number of laborers being assessed among the 
different laud-holders, in a rough proportion to the areas of the lands 
irrigated, and the practice is still generally continued in the Punjab, 
though in Sindh money payments for the work done were introduced 
some years ago. 

The following Statistical Table, (page 16) prepared in 1858 for the 
Mooltan inundation canals, may be interesting : — 

15. There are no works at the bead to control the supply of 

for the course of the river is so uncertain, that it may completely desert 
the head, and the water may have to be brought in by a new*mouth 
excavated for that season, which again may be nseless in the next, or 
the bank of the river may be cut away to such an extent as to involve 
the head works in its fall. Under any circumstance, there is always 
a considerable deposit of silt at the head, which would naturally be in* 
creased by anything in the 8haj>e of a dam. 

The silt excavated from the bed during the cold season, is usually 
heaped up close to the edge in rough spoil banks, and is constant- 
ly falling in, while the* tortuous course of the channel also causes 
large deposits of silt at the bends. The accumulation is still further 
increased by the water having no exit at the tail of the canal, which 
usually terminates in a series of small channels in the middle of the 
district. The labor of clearance thus becomes a heavy annual charge 
or draw-back on the benefits received from the water, and the numerous 
deserted channels in various parts of the country show that, without 
such labor, these canals would soon silt up and become useless. But^ 
in spite of all defects, they are highly prized by the people, and the 
Government has, at different times, made large grants of money for 
improving some and opening out others. 

Their nature and the direction which such improvements should taka, 
will appear further on, as we treat of permanent canals. They may 
briefly be said to be, straightening the course, thorough clearance of 
the channel with due attention to the slope of bed, improvement of 
the banks and proper disposal of the spoil earth ; and, Anally, irhete 
feasible, establishing a control«over the water at the head, and giving 
it a free outlet at the tail of the canal. 

16. The following paragraph ie extracted from a Memo, by the late 
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Col. Anderson, E.E., on Irrigation in general, and Inundation Canals 

in particular, and will be found to repay careful perusal : 

Irrigation by means of canals is chiefly iqiplied to tracts of coantry which hare 
been formed by the gradual deposit of allnvial matter, from rivers in a state of 
flood. The deposit from the inundation begins to take place at the points where 
the velocity of the stream is checked ; and this being along the margin of the chan- 
nel, an inundation of the country through which a river passes will leave behind 
it on each side a stratum of silt in the form of a wedge, the thick end of which is 
on the river bank. 

In the course of time, successive annual inundations will thus have formed a 
slope away from each of the banks, resembling Ihe glacis of a fortification. 

The width of this slope, will vary according to the nature and size of the river. 
It may be only 200 or 000 yards, and be perceptible to the eye, or it may extend 
to the distance of many miles. 

The feature above described is not only to be found along the main channel 
of a river, but also along its branches. No very extensive tract of country has been 
fonned by the inundatiou and consequent dcj)Obit from a single stream. On the 
contrary, it must have been the work of many. 

The channels of all rivers, unless when confined by rocks, have been more or less 
liable to change their course. By referring to a map of any delta, the reader will 
observe that the characteristic of the Delta form, is that a river as it approaches the 
sea, should split up hi to two or more branches or arms, which again may be subdivid- 
ed into smaller ones. Each branch has a tract of country mthin its influence, and 
serves to extend the amount of alluvial deposit, cither by raising its banks, or by 
extending the Delta seaward. 

It IS a coRiinon occurrence to find dry beds of rivers in alluvial plains, possessiiig 
all the characteristics of the existing cliannels. In some cases, channels may be found 
of such capacity as to .show without doubt, that they are deserted beds of the main 
stream ; in others, there may be imlications of a partial and gradually diminishing 
supply having reached them, >\bich, by successive annual deposits, has curtailed their 
section to such an extent as to admit of their being adapted as irrigation chfumels, or 
if left entirely in tlieir natural state, such channels may be silted up completely by 
successive deposits from flood water and by drifted sand and dust, until they are no 
longer pcrccptil»lc, and all that is left to maik their course is a ridge of highland. 

It will thus be seen that an alluvial ]»lain (.so called) is not made up of an equable 
deposit of alluvial matter to the right and left of the main channel of a river, but on 
the contrary, by that from a number of channels, some of which may subsequently 
be obliterated. The fall of the eoinitrv al»o, instead of only following the course of 
the main channel, will be nlTeeted equally by all the others. Intermediate between 
the channels, the groiiiul will be Unv, and the line formed by the intersection of the 
tw'o planes sloping away from their resiiective banks, will evidently indicate the course'^ 
in which tlie drainage from those plains will tend to flow. Such lines will be found 
also on the extreme boundaries of a delta,— receiving on one side the drainage of a 
portion of the delta, and on tlic otlier that of the country independent of it 

17. After these remarks it is time to explain that the irrigation of a tract 
of country is based on very simi)Uj principles. Supposing that a supply ol water 
is required for the laud near the bank of a river, which has ceased to ovor-flow it, 

c 
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but which may rise to the lip of the channel, then os the country falls away from 
the river, it will be readily understood that a cut through the bank will give the moans 
, of irrigating the ground beyond. This may be considered the simplest form of irriga- 
tion. Again, if the surface of the ri^cr fulls so considerably below the lip of the 
channel, as to be incapable of supplying water to the ground at a distance, by means 
of a cut carried at right angles to the course of tlie rivor, the difficulty may be sur- 
mounted by excavating a channel in an oblique direction ; for the course of a river 
is never straight, and an artificial channel may be formed in a straight line, which 
will carry the water to a higher level than that of the surface of the ri\cr at any 
point opposite to it. For every mile of its course, it thus gains something on the 
surface level of the river, and it bciMincs a matter of sinqile calculation to find how 
far it will have to be earned, before the A\ater issues on the surface. For instance/ 
if the fall of the river surface is one foot per mile, but with a tortuous course of 
onc-half more than the diicct line, an artificial ehanncl with a fall of one foot per 
mile, runping parallel to the general course of the rner, that is from point to point 
of curves, wdll, for every mile of cutting, gain six iiielics on the ri\cr. So that if 
the surface of the water at the head of the cut were fi\c feet below the lip of the 
channel, it would gain that amount on the rner in ten miles. 

If the cut were excavated in ground on the same le\el ns that on the inarpn of the 
river, the w’atcr it carried would then come to the surface and be available for irriga- 
tion ; but as the ground falls at riglit angles to, a*^ well as with, the course of the 
river, the required le^el w'ould be attained by a cut le'*s than ten miles m length ; or 
if the fall along the out weie less than one foot jier mile, say six inches j>er mile 
the water would come to the surface in fiic mile*'*, or less according as tlic ground 
might be level, or slope off in the dirtctioii of the cut. 

It will be readily understood that the liii;li rulgcs anil the old channel^, ubo\o 
described, indicate the most ^uitalilc aligiiineni fr>r a senes of Irrigation chmiueJs. 
The object would be to conduct the water fioni the riier to the crest of such high 
lands, and then, for the channels along them, to arrange as fur as may be practicable 
that the excavation shall be no nioic than sufficient to furnibh the material required 
for the embankments, which should utaiii the watei at a- high u level ns iK>hsible, con- 
sistent with their stability. 11 the dejiih ,>f wattr admitted into the head of the 
main channel is materially less than what i- due to the rner at its full height, the 
depth of the excavation at the head will increase in proportion to the difference • 
and it will then be an object, m order to make the cutting as inc\pcnsi\e as possi- 
ble, to carry the line of the channel thurngh low ground, until tlie water would flow 
on the sm-facc. The irrigation limit i, then readied, and the chaniuds should bo 
continued along the highest ground that will allow of the waUT eoiit inning on the 
same level with it or abo\c it, as imo be found imot Mutable fur the locality. If the 
ground were level on both sides of the channel it woul.I in nmnv cases be indiajxjn- 
sablr to have the surface of the water above it ; but on the other hand, the soil mar 
be ill-adapted for w'ithst.auding pressure, or for i-re^cutiug jK-radution ; luid to avoid 
the occurrence of breaches, it nmy be desnublc to keep the height of Uio embank- 
ments within very moderate limits. 


18. Head, of Inu»datw,i Canal, —A channel opcains direct from . tirtf 
and nnpro^drf with a alnicc «r other rcgulatpig «„rk at .n. hcml, i. robject 
to the two following disadtantagea. It in suhjn t either to have it, nipplr tocimied 
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to an inordinate extent daring high freshes, or to have it cut ofE altogether. In one 
case the current of the river may set on the mouth of the canal or on the bank 
above it. If the soil is liable to erosion, it will be cut down and washed into the * 
canal ; the head of the canal itself would be enlarged ; and such destructive action 
would only be limited by the duration of the fresh. The greater the fall of the 
canal in this case the greater the evil. Or, on the subsidence of the higher freshes, 
the stream may have moved to the opposite bank of the river, leaving a mass of sand 
banks between it and the head of the channel, which it would be impossible to cut 
through in time to restore the supply. In this case, the less the fall of the channel, 
the greater the evil. Both the above contingencies must be common in all Irrigation 
channels which arc opened from a river with- a aliifting bed. In the latter, a tem- 
porary bund may in some eases be efTcetual in rcjilenishing the channel, but it has 
generally to be constructed before the freshes have finally ceased, and is very liable 
to be destroyed just as it is comjileted. Though a new head may be formed through 
the sand banks for the next season, it is next to impossible to cut through them at the 
close of the rains, with a fulling liver, and uhen the uater under the surface of the 
sand bank stands on a higher Iciel tlinii that of the river. 

The violent action on the mouth of the channel vhen the river sets against it, 
may be checked by revetments, growics and such like defences, but they must also 
have the effect of diverting the action of the stream from its natural course, and 
thus tend to throw it off towards the opposite hunk’. Supposing that there were no 
other ditlieultios to snniumnr but the two I liavc specified, they might be overcome 
by the construction of a head sluice, with defences against encroachment, and of 
a groyne running from the opposite hank, so as to force the stream of the river 
to }iavS.s alongside the hcad^ ‘•luice. In inanv case'', however, construction of sneh a 
groyne would bo impracticable. The river might be too large, suitable material not 
procurable, and the c.->.pcnsc of maifftcnaucc of-the groyne itself, and the river defen- 
ces which it would necessitate, would be too great to be justifiable, unless the channel 
were of very high importance, — and m that case, a dam or anicut across the river 
w’ould be more suitable, us well as efficacious, than a groyne. 

19 It is an object of high importance to fix the heads of cbnnucls in positions 
where they will be lca>t liable to silt up, iii older that they may have no greater 
obstacle to contend with than what is iiiCMtable, — that is, the chance of an in- 
sufficient height of the freshes. Unfortunately, unless in a river which flow^s in a 
jiernmiicnt channel, it is impossible to find a site where the head of an irrigation 
channel wdll not be exposed to silting. The advantages of any sites will only be re- 
lative : no general rules, cither, cau be laid down for selecting them ; so much mnst 
dciHMid on local peculiarities, that what might bo sought after on one river, would ' 
have to he carefully n>oidod on another. It will depend on the nature of the soil, 
fall, &C-, and tlie height of the water, whether it is advantageous or otherwise to-^ 
expose the head of a channel to catch the full effect of stream in the river. In some | 
places this might he adc'^idcratnm, in others, it would simply destroy the channel. 

I will therefore confimJ myself to a fciv observations on particular cases in which 
I have fomid channels to he defective or otherwise. 

When opened so as to have the stream in the river bearing on the head as mndi 
as possible. If the soil is not cxtre^iely tenacious, tiie banks at the head of the chan- 
nel will be washed down, and the material thus displaced will block up the channel. 

If the sides of the head arc revetted, a great part ol the e\il may be averted, but it 
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will be foun(l*that this will not prevent sand banks accumulating in front of the 
mouth, and if the stream acts on the bed, a large (quantity of material may be car- 
ried fonvard to the lower portions of the channel. 

If a canal is opened from a bank which the liver shows a tendency to set against 
and cut uown at any point above the heat!, then there must be evident danger of the 
canal being choked up by the matonal which would be washed do>vn. 

In the case of a riA'cr which is liable to occasion niiscliief of this kind, the most 
suitable point for opening a channel is lAherc tbcie will always bo a suflkient depth 
of water without anv Molcnt stream acting on the banks. I’erliajis the most suitable 
of all conditions would be il the river passed at right angles to the head of the chan- 


nel, but as there could be no ccrtaftitv of its continuing in that direction, it woiili^ 
be better to avoid such a site, and to select one wheic the water wv.nld be compara- 
tively stagnant. For instiincc, if the river flow s in the direction shown in the ad- 
joining diagram, after receding from a curved channel, which it may have formerly 
cut for itself by encroaclinicnt on the bank, or if A be the tail 
'of a creek or arm of the incr which lca\cs the mam channel at 
some point higher np, thcio will lie a l>ackwater there, and, al- 
though the stream ninv pass over the sand bank or i.^land w'lth 
considciablo Achuity in the freshes, it amII be hss than that 
of the main stream, and less hkch to do mischict. The point 
A would therefore be a good site for the head of the irrigation 
chamicl. It must be obstived that the backwater may be of 
recent formation, and that ils mouth may tend to adianee doivn- 
stream, so that care should be taken to lime the head of the 
channel siifliciciitU hwvdowu |o gnanl against the contingency 
of the channel in front becoming diw, and at the same tune not so low' us to bring it 
within the iufluciico of the main .stream. " 

It will frcfjiicntly lie toumi that tlicic is no chg^ildc site for the head of a channel 
in the bank of the iiAcr in an interval of nianv miles. The iiAcr imu haie receded 
towards the ojjjiositc bank, leaMiiLT a mas- ot sjuid banks lictwien it and the point 
W’here the channel may be nspund. In su<b caM-s, ho\\i\cr, there is generally the 
dry channel of the nver or of a branch <»f it, miming along the foot of the bank, 
and it may be necessary to follow it uji to its bead, and ](Ciliai>s ti> clear it, in 
order to make use of it as .an artificial (hanncl. Tiic head of such a duinnel, if 
thert i.s any rhoice on the matter, should be sdectnl on the simu« principle as that 
of an artificial clianncl, care being taken to hug the bank as nmcli ns jiossjfdc, 
or at least to remove all tlic soil c\<aAatcd, to the snlc which will be furthest 
from the action of the sticain in fiedics^ (ir it a\oiiM otherwise be ivashed into the 
channel. 



In some cases there may he no altcniatiic, hut to cut through the hcml of a sand 
bank with the knowledge that the effer f of any cxcmalirm will only be fempomry'. 
There will then be gn'at dangfrotthe snpjd\ failing I'l lien the river hiibsidcs, and 
should it do so, there will be no remedy, unless it may he that the crK'k leading to 
the canal may be large and nm> dernc a pai rial supj,h , (hough on t.«K> Iowa le- 
vel to .suffice for the w'ants of the canal. In this ense, a bund across it immedi- 
ately below the head of the latter may be of soiwc scrv icc. 

20. Bead Sluices.— U the canal is to he furnished with a sluice, it riionld he 
instructed us near the head a.^ is consistent witli its stahility If the bank 
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of the river, and the head of the channel can be rendered secure against injury at a 
moderate expense, by means of revetments or groynes, the efficiency of the canal 
would be much ])romotcd by constructing them ; but if the river is not tolerably 
permanent, and there is the likelihood of the canal head being left at times high and 
dry, with the necessity of opening a new head at some point higher up or lower 
down the river, the sluice and works connected with it would be rendered useless. 
When however there are no such disadvantages to contend against, it would seem 
highly desirable that every channel .shf»uld have its head sluice, in order that any 
excessive supply of water may be jirc veil ted from entering. Unless it is built at the 
head of the channel, this advantage canii(*t be obtained without the inconvenience of 
a deposit of silt in the channel between the head %nd the sluice. The extent of this 
will of course dejicnd on the height of tho water, and the time during which it is 
held up by the sluice. If the interval between the sluice and the head is consi- 
derable, this evil would be serious ; and in many cases, it would be better to con- 
struct the sluice at tho head, with the chance of its being destroyed. This,* however, 
is a question to be decided separately for each case on its own’ merits. If a sluice 
is required to prevent inundation, and if disastrous effects would ensue from its 
destruction, it might be adMsablc in such cases to have a second sluice in reserve, at 
a sufficiently safe distance from the head. 

21. Slopr of Bed — Whcic the fall of the country is tolerably uniform, the 
slope of the lied ot the mam channel should be less than that of the branches, which 
again should be less than that of the minor channels and cuts. The object of 
this is to bceuio as tar as |)ossihle a uniform velocity, so that the nllnvial matter 
held in suspension may be canded on from the head, and deposited uniformly over 
the lands irrigated. • 

As to the actual fall which shouM he given to the main trunk of a canal, apart 
from the eousideration of expense f>r in fact any considerations, but that of the 
maintenance of the, channel in goo<l working older, I would name 6 inches per mUo, v 
in preference to any other, for Qllu^ial soil of moderate tenacity — Oli the supposition 
that the depth of utcr will be from 0 to 10 feet, and the width considerable (say 100)— 
hcuig nearh the same that I have obseivod has been adopted by ohannels in their 
natural state, in sinnhxr soil. 1 would by no means insist on this being the best 
fall in all eases, 

I assume the slope of hod to correspond with the slope of surface, but it may 
be desirable to cut down the head of the canal, so as to yield a smaller slc^pe of 
bed, in order to obtain a snixply of water at an earlier date in the season. But 
the bed alwavs tends to follow the sloi)c of surface, as wdll be obvious from the 
consideiationj that if the depth is greater towards the head than it is at some point 
lower down, the ^elocitN (supposing the width to be the same) will be less, and silt 
w ill eonsequenth be deposited until the velocity throughout becomes uniform. Such 
a diminished slope at the head must therefore reiulor necessary a considerable an- 
nual clciuunce. In some cases it may be desirable to reduce the width at the head 
in order that, with an increase of depth the velocity may be the same as that m 
tho channel lower down, but a smaller supply than beiorc would then enter the chan- 
nel when the ri>cr falls below the normal level. 

22. On the assumption tliut u surface fall of C inches a mile, or say 1 in 11,000, 
is suitable for tho luaiii chauuel at starting, with a width of 100 feet, I proceed 
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to show the rate at which the fall should bo increased ns the supply heroines 
less. 

Let us suppose that branches are drawn off, taking a certain pi < portion of the 
water, and that the width of the main channel is reduced by suec* ssive degrees lo 
a width of 80, 60, 40, and 20 feet, and that the depth is reduced sur<’es.si\ely to 
51, 5, 4^ and 4 feet, but that the velocity throughout is maintained at iihat, it had at 
starting with a width of 100 feet, depth 6 feet, snrfacc fall 5 7 inches per mile, — 
namely, 2*1 feet per second. By means of the hydranlic formula, I find the fall of 
snrfiice required in the different cases will be 6 4, 7, 7 9, 10, 3, inches per mile. 
From the terminus, let a chaunel leave with a depth of 3 feet and width of 10 feet, 
reduced atter consumption of a po^-tion of the supply of water, to a width of 6 feet 
and depth of feet ; the velocity to be the same as before. The fall required for 
these channels will then be 14-8 and 10*5 inches a mile ; and if wc suppose the 
length of each of the first mentioned channels, or reaches of channel, to be 10 
miles, aifd that of each of the two last to be 5 miles, the hole fall from the head 


will be somewhat more than 45 feet, and the iihole distance being 60 miles, the 
average would be 0 inches per mile. If the fall of the conntry did not admit of so 
high an average, it might be easily reduced In maintaining n greater de])th in the 
channels and diminishing^ the width. If for inf^taiicc, in the cif>c almc-wcntioued, 
the depth for 50 miles had been maintained at 6 feet, the total fall required would 
only have been 20 feet, or on the average 6J inches per mile, 

23. The above will be sufficient to indicate the mode in ^ilncli the slope of the 
channel should be regulated in order to prevent accumulations of silt. In ])ractice, 
a canal is never perfectly aligned on this principle, but unless it can be shown 
to be defective, as I have no reason to think can he done, every cndeaiour should be 
made to adhere to it, in designing a system of Irrigation works, so far as local pecu- 
liarities and otherc circumstances jicrmit. ' 


The accumulation of silt m channels, particnlariv in the mam channel is not 
only a senons impediment to maintaminp a supply of nater till the emps are ma- 
tured, but the clearance may be criormoudy exponsuc. Eun if tl.e silt cannot b« 
earned on to the fields, as in a ,wrfect .anal, at least one step in adsanec is cained 
If It IS prevented from aecnmnlatmg in tl.e main channel , for the ma.ntcnnnee of the’ 
supply m .t IS the most essential point, and it there are de,.os.t, m the hranehe, 
o^y, It may be possible to clear them in turn, without cutting off the supply from 
the nver ; or this might not be feaail.le with the branches, it would he so .t 
^ evente with the smaller irrigation channels ; and it would not only he advantage- 
ona to throw on the silt to them, and to clear them in turn, without enttiug tff 
the supply of water from the branches, hut the clearance w onld evidently Iw much 
lew coetly from them, than it would be from the larger channels ' ^ 

When the fall of country is so gentle as not to allow of the fall of .1,. i . 

»e,^^d, with, if Sware^mirtleM o7»n^. 
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Any cJjange of direction causes a certain loss of velocity, and the water thrown 
into braii( hcs and minor channels would lose velocity, in passing through the head- 
sluices, imless they possessed the full water-way of the channel. Duo allowance 
would have to be made for this by adding somewhat to the slope at the heads of the 
brunclu s and channels. 

The i)rinciple above described of the necessity of keeping up the velocity to the 
point of the delivery of the water, is so obvious, that it must have occurred to every 
one, who has had much to do with Irrigation works ; and I should not have thought 
it necessary to dwell upon it at such length, had I not reason to believe that it is 
very much lost sight of in practice. 



CHAPTER III. 

PEEMANENT CANALS— SOUECE OF SUPPLY— AMOUNT 

OF WATEE EEQUIEED— SLOPE OF BED— SECTION OF ► 
CHANNEL— ALIGNMENT OF CANAL. 

24. *We now come to Canals of Permanent Supply, of which tho 
greatest examples now in use are the Ganges, Baree Doab, and the East 
and West Jumna Canals. 

The first point to be considered in designing such a worlc is, //ir Source 
of Supply. This will always be a river carrying a perennial stream (in 
Northern India fed by the snows of the Himalayas); and the only ques- 
tion is, at what point in the river’s course we shall take off our supply, 
i. e.y fix the head of our canal ? 

From what has been said above (para. 12) ,it will appear that this 
point must be high up on the river’s course, so as to obtain plenty of 
command of level, and get on to the high ground without much heavy 
digging; and it will generally be found, that for this purpose, it is ne- 
cessary to go either to the spot at which the riser final ly lea\e3 the 
hills to flow through the plains, or to a point, at any rate, not far 
below that spot. MoreoNer, at this point the water (except in freshets) 
is pure and free from silt, the great enemy of canals, and the course of 
the river is restricted within narrow limits, so that by dams thrown 
across the river bed, we can easily divert the water into our new 
channel. 

The above considerations are so important, or rather, peremptorv, that 
they outweigh the disadvantages of the arrangement which arc, indeed, ' 
very serious. For, the country so close to the hills having generally 
an excessive fall, and being, moreover, intersected by hill torrents, tho 
carrying of the canal through such irregular ground entails serious difii* 
culties, which require the greatest engipeeriug skill and a large expen- 
diture of money ; to overcome them. 








The selection of the exact spot for the head of a canal is a task re- 
qniriiiL; much careful consideration. The chief principles by which 
the s('lection will be determined, besides those already indicated, will 
appear as we proceed. 

25. The next question is, How much water do we want? for on 
this depends the size of our canal ; and this is determined partly by 
the area of laud to be irrigated, and partly by the quantity of water 
that can be obtained from the river when at its lowest. In Northern 
India, however, the area of land requiring irrigation being practically 
unlimited, the question becomes, “ Ilow much water is available from 
the river or source of supply at its lowest ? ” For though at first sight 
Jt might appear feasible to make the canal channel large enough lo carry 
an extra quantity of water when the river had plenty to spare, experi- 
ence has pro\c(I that as tins extra nater would be .'ivaiJabJe for one 
crop only, and ///at the less valuable one, the advantage of this ar- 
rangement would not generally compensate for the extra cost required 
to be iiieurred on tlie eliaiiiiel aud masonry works. 

It IS eNident that tlu* eirecti\e work of a cubic foot of water discharg- 
ed from tlie canal, for irrigating the laud, must depend upon variable 
data, siu-li as tlie iiatnre of tlio soil aud tlie crop, the distance the 
water lias to be carried on to the laud from the main channel, the 
humidity of the atmosphere, t.'cc. 

The uNcrage assumed for drawing out the projects for the Baree Doab 
and tianges Cauals (derived from diita alVordeil by the .lumna Canals) 
was, that each cubic foot per second of discharge was capable of actu- 
ally irrigating ‘JLS acres; aud reckoning that for each acre actually 
watered lliere would be two other acres either l\ing fallow’ or being 
watered from wells or rain, then each cubic foot would represent 654 
acres, (say one square mile,) of cullurable land, more or less depen- 
dent on the Canal. In the Soane Canal Project (1861), Col. Dickens 
reckons threc-fourtbs of a cubic foot of water jier second, for every 
square mile of gross area. 

By the Keport of the Chief Engineer of Irrigation, for 1868-69, each 
cubic .foot on the Eastern Jumna Canal, on wliich the irrigation has 
been most fully developed, actually waters 306 acres; in the same year 
on the Ganges Canal on wliich*tlie irrigation is still in course of develop- 
ment, the irrigating duty per cubic foot was only 232 acres. In 
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Tanjore, one cubic foot per second of discharge is reckoned sufficient to 
irrigate 40 acres of rice. Our canal data are as yet too imperfect to 
* be able to speak precisely on these points, and it is evident that the 
conditions are very varying. So long as the present system is continued 
of paying for irrigation according to the area watered, and not accord- 
ing to the amount of water taken, it is evident tliat there A\ill be great 
waste. 

26. The method of calculation adopted by Sir P. Cautley in the 
Ganges Canal, was to reckon the expenditure of water per lineal mile » 
of canal, which from practical data -was taken to be 8 cubic feet as the 
maximum. In the Sutlej Canal project, 6 and 7 cubic feet have been 
taken. This, however, pre-supposes that the main and branch lines 
have previously been fixed upon; it is a ^ery convenient form of cal- 
culation, as it enables us to regulate the size of the chaunel along the 
whole course of the canal, dimmisbing it as the water is gradually 
expended. 

If the canal is to bo a navigable one, a certain minimum depth must 
be assumed every v\ here, so that the amount of water required for tliat 
minimum must be allowed over and abo\e the quantity to be expended 
on irrigation. On the Soane Canals, GOO cubic feet per second have 
been set apart for navigation alone; on the Baree Boab Canal, 130 
feet; on the Ganges Canal, 400 cubic feet. 

A large area of the land through which the canal takes its course 
may be unfit for cultivation. The soil may be bad or sw ampy, or it may 
be reserved for forest or grass preserves, or occupied by towns or can- 
tonments. All this has, of course, to be taken into consideration in 
fixing the area actually available for irrigation, whence the amount of 
water required must be determined. 

27. Suppose we desire to irrigate a particular district, say 200 miles 
long and averaging 40 miles broad, lying between two ri\ers, by cutting 
a canal from one of them, and carrying it along the waterslied of the 
country. The total area of such a district would be 8,000 square 
miles. J^ow of this our maps would show us (say) that 1,500 square 
miles were khadir land, which could be irrigated by wells or by small 
canals cut from the river, leaving 6,500 square miles of han/fur to be 
provided for, from which another 1,500 would very likely be deducted 
for town sites, swamps, forests, &c., leaving 5,000 square miles actually 
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requiring irrigation. At the rate of I cubic foot per square mile, this 
would require a canal with a minimum discharge of 5,000 cubic feet 
per second. Or, if we reckon 8 cubic feet as required for each lineal 
mile, we should require 625 miles of canal ; but, practically, the lines 
of irrigation would be first arranged on the map from the levels, and 
thence the amount of water would be determined and might be compar- 
ed with the area calculation. 

Should the amount of water requireij not be obtainable from one 
river only, it is possible it might be feasible to take a supply from both. 
If not, then the greatest amount that can be obtained from one when 
the river is at its lowest must, for the reasons above given, be assumed 
for the calculations. 

28. JViJth of Channel . — The proportion of depth to width on the 
Western Jumna Canal, being that which the stream has in course of 
years formed for itself, was found by a series of trials to be about 1 
in 33. On the Baree Doab Canal, the proportion fixed in construction 
was 1 in 15 : for the* Sutlej Canal, 1 in 14. It is evident, if the canal 
is to bo navigable, that the ininiinuni of width must always be suflBci- 
cut to allow of two boats passing each other, while a minimum of depth 
(usually 2 tV feet) must also be allowed to float the boats. 

The side slopes of the canal channel \\ill be arranged generally ac- 
cording to facilities for excavation, for unless the slopes are made very 
flat, or are turfed at a great expense, the action of the water will in 
ordinary soil quickly cut them to the shape at which they w’ill ultimate- 
ly stand firm. 

20. Having determined the quantity of water, and fixed the pro- 
portion of depth to width, and a minimum for both, chiefly with refer- 
ence to navigation facilities, there yet remains a very important ques- 
tion to be determined before we can devise the section for our channel, 
that is the Slope of the Bed. 

If this slope is too great, the bed of the canal will be torn up, and 
the foundations of nil bridges and other wmrks will be endangered. 
Besides which, the difliculties of navigation against the stream will be 
largely increased. 

If, on the other hand, it is too small, a larger section of channel will 
be required to discharge a given quantity of water, and, as will be 
explained further on, many additional works will be required in the 
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shape of Falls, Locks, &c.; there will also be danger of silt being depo- 
sited in the bed, or of the stream being choked by the growth of aquatic 
plants. 

It is therefore necessary to steer clear of both extremes ; but it is 
not always easy to do so, and in general a compromise has to be made. 
Moreover, as the velocity increases ^ery rapidly \\ith the dejith, it is 
evident that a slope of bed ^\hiell might be a \erv proper one for vater 
of a certain depth, would be too great if it weie necessary to inereasei 
that depth so as to throw an extra supply into (In' canal. 

30. The minimum velocity required to jireieiit the deposit of silt 
ortho growth ot aquatic jilants may be said to he about I’ leet per 
second, so that if a miiiiiiuiin of depth be tl\ed. wc ean iliul the mini- 
mum of slope neceshan to secure .any gi\ eii diseliargi*. Under ordinary 
circumstances this may perhaps be li\ed at G inclies jier mili‘, tliough 
it is occasionally e\on lower than that. 

31. The mai-imum is not I]o\\e\er so easily iixed. It must in the 
first place vary witli the nature of the soil of the he.l. A stem bed will 
staud a very considerable velocity, while a sandy bed will be disturbed 
jf the velocity exceeds 3 feet per second. A ■;iiiii. if iiai if'iiliun reijiiire- 
ments are to be considered, the iiiaxiiniiiii \' bi(it_i at winch .i boat ean 
be navigated against the current at a jirobl is ciideiitiy a lery inlricato 
problem, depending on siieli lariiiig data as Ibe iiioMiig power eiii- 
ployed, wbetber steam, animals, or men . the d,'scription of boat, laluo 
of the cargo, Ac. And without such a calcutatioii for any jiartieular 
locality, ,t .8 eiidently impossible to deteniiiiie wbetber it la worth 
while to undergo a heavy additional expense in reducing the .-lope (and, 
consequently, the velocih ) of an irrigating canal m onlcr to lit it better 
for navigation purposes If the saiing tlma effected on the total trallic 
annually conveyed would defray the interest of the iiierea.sed capital 
required for the proposed reduction of slope, then it would doubtless 
be desirable to malie that reduction, looking at the question from that 
point of view only. But there is a limit to the reduction of slope 
beyond a certain minimum, as explained above, owing to the paramount 
necessity of preventing the deposit of silt in the canal channel and 
though G inches per mile has been given as the minimum limit wliiih 

would not under ordinary circuinstauccs 'interfere seriously with navi- 
gstion, still it must depend of course on the fall of the country and the 
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nature of the soil, and so jdifficult is it often found to combine the 
requirements of the two purposes, irrigation and navigation, that it has 
been seriously proposed to provide for the latter by separate still water 
channels, made alongside the running canal itself. 

32. In some experiments made on the Ganges Canal, it was found, 
that at a velocity of 3 70 f{‘(*t per second, the water just ceased to cut 
nw'ny the bank, and slightly deposited silt. With the ordinary soil of 
the plains of the N. IV. Provinces, winch is a J/ghfc friable clay, and 
taking everything into consideration, perhaps 3 feet per second may be 
taken as a safe maximum velocity for these canals. , 

The upper part of the JIaree Doab Canal has a fall of 4*2 feet per 
mile o\er a bed of shingle and clay, but navigation at that point was 
not required. 

The Ganges Canal starts with a fall of 2 feet per mile, which soon 
ditniuishes to l 2o 1‘ect, and this latter may be said to be its ‘ruling 
gradient.’ With a depth of vater not exceeding 5 feet, this gives a 
very manageable velocity, both as regards the sal'ety ol the works and 
the miMgatioii doicn-streain. J*\*r /rj^-stream navigation it would he 
advantageous to rc'diici* it. But when 0, 7, or 8 feet of water are 
thrown into this canal, ’the velocity due to the above tall is doubtless 
too high. 

In the Sutlej Canal project, Ifajor Crofton has fixed upon 2j feet as 
his miniinuni depth ot water at lull supply, and has arranged his declivi- 
ties of bed so that the calculated mean velocity of current shall in no 
case much exceed 3 feet per second. 

Tor the Soane Canals, the velocity has also been fixed at about 3 feet 
per second (2 miles an hour), tlie side slopes being ItV to 1, and a bottom 
width equal to the depth plus oue, squared, in feet. 

33. The following Memo, on this important subject, from IVIajor 
Croftou’s report on the Ganges Canal, will be found very valuable: — 

V/'/or/fifx of cm nut — In a iHiitum ot the channel ot the K.istern .linnua Canal 
Iving in the ohi hed i)f the Muskuiia toiieut, where the cniieiit >eemed }icitoetly ad- 
justed to a liylit sod, M.i)oi lliownlow, the Siq)eMntendent ot the Canal, found 

tlie velocities ot the mu I sue to he trom 2 .*5S to 2 2S I eet per second, or mean velo- 
cities (imiltiplv ing hy U Si), 1 1128 to 1 847 per second. 

In the lower distiiet of the same canal, near B irote and Deola, the maximum 
surface v'eloeitios with a tan supply were found to he 2 817 and 2 507 feet per second, 
or mean velocity of 2 282 and 2 ();J feet jier second. Silt is constantly being deposi- 
ted licrc ; the soil is similar to that below Sirdhanna on the Ganges Canal. 
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About 1000 feet below the Ghoona Falls, on the same canal, in very sandy soil, \\ith 
ncarly'a full supply of water, I found the maximum surface velocity to be 11 077 feet 
per second, or mean velocity 2’492 feet per second ; no erosion from bed or banks, 
except when a supply, much in excess of the maximum allowed, is pasiinj^ dowm. 

Below the Nyashahur bridfjc on the same canal, where the soil is very similar to 
that between the Myapoor and Kunkliul bridjjes on tliQ Ganges (/iinnl clay, shinj'le, 
and small boulders, Lieutenant Moncrieff, RE , the Supnintcmlcnt, found the mean 
surface velocity to be G-731 feet per second, or the mean velocity about mCS per 
second. 

The same officer observed tlic surface velocity at some distance below the Yarpoor 
Falls in the new contic dnision channel of the Fasten u Jninna Canal, and obtained ’ 
a mean of 3‘957 feet per second, or about 3 20r» feet pci second mean velocity 
throujrh entire section. The soil licic is lioJit and saiuh, and the tlianncl has been 
both w'idened and deepened bi the oniTcnt 
In one of the railmhas (or mam water-courses) of the same canal, I found w-ecds 
groAving in the bed'and on the sides with a niaxiiniiin siirtaec vcloeity of 2 12 feet 
per second, or mean Acloeity (V) of about 1 717 feet ]>er second ; the soil is sandy 
with a fair admixture of clay ; silt aceuniiilates to a tioiiblesonic extent. 

In another rajbnliii iii the same ncighboiirbood, I found a surface leloeity of 2 38 
feet j)ci second, or mean about 1’927 feet. Silt deiio^ics lieie, but no lAceds appear 
to grow. 

In the MahnioodjHior loft bank raibuba of tlic Gangi's Canal, I found grass and 
weeds growing in tlic elianiicl with a inaxiiniim surface velocity ol 1-72-1 feet per 
second, or mean of 1 39(i feet. 

In the Buliadoor.ibad I^ock Glianncl, Gantres Canal, weeds apjioar to grow W'her- 
cver the maximum surlace Aclocity ]^ 2 .'{S fq-r (or mean Aclocity 1*928 feet jicr 
second or under), soil generally light and sand\. 

On the Ganges Canal I found Acloufies as iollow —Below* the Booikee bridge 
on the mam canal, where the dcc]tciicd bed is co\cicd with sdt, and erosion from 
the sides has ceased, tlie mean icloeity in the cnnic section, with a snpjdy less than 
the present maximum on the Boorkec gauge In 2 inches, was 2 92 feet j/cr second ; 
the soil sandy AMth a tolcTable admixtuic of clav. 

^In the Avidcncd channel at the Toglmljioor vand hilK, mile 30, the mean velocity, 
with full supply now allowed to j.ass (Ioami, <,btamed l..\ cah illation from the area 
of the Avatcr section and the disihargc ob»ci\ed hcloAv Koorkee (deducting e.\peiidi- 
turc en rout() was 2 .',■{2 feet jai second. ” 

In the embanked channel across the Solani valley, with n suj.plv 2 indies under * 
the present maximum on the Boorkec gauge, the mean AclocitA, (ddamed In culenln- 
tion from the area of water section there and the ohsened dis<'liargc thi'ough the 
masonry aqueduct, Avas 3 94 feet jier second. The deei>est portions of the dianrTeliiug * 
out here haAc been silted up. 

At the oOth mile, mam line, below flic Jaolee Falls, with (present) full sujq.ly in 
the canal, the observed mean velocity was 3 0.7) feet per sceoinh Erobiou Iroui the 
banks has ceased here ; silt on the deejicncd'bcd, soil sandy. 

Above Newarrcc bridge, 9fth mile, in a stit( day soil with full supply in, the 
observed mean velocity was 4117 feet per second ; erosion trifling here ; no silt 
deposit. 
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34. Oh 9ervation$ communicated hy Colonel Dyas, R.E.y Director of Canals, 
Punjab.— On the Hansi branch ef the Western Jnrana Canals, silt was deposited 
with mean velocities of from 2* to 2-25 feet per second. The deposition of the silt, 
however, obvic usly depends on the quantity and specific gravity of the matter held 
in suspension by the water coming from above, and the ratio of the current velo- 
cities at different points along the channel. 

IJe states, from observations on the channels of the Barce Doab Canal, that in 
sandy soil 7 feet jier second appears to he the highest mean velocity for non-cut- 
ting ns a general rule, for there arc soft jilaccs where the bed will go ^vith almost any 
velocity; but those sorts of jdaces can he protected.” Again, “bad places might 
be scoured out with a mean velocity of 2 .> feet per second, but better soil \vould be 
deposited in jilacc of the had with a slightly smaller -velocity than 2\“) feet ; and as 
the supply is not alwa_vs/nll, there would lie no fear of not getting that slightly smaller 
velocity very freijnently, Tlie good stuff thus deposited ivimld not be moved again 
hy any \clocity whieli did not execed 2-5 feet per second. * 

III “Neville’s Hydiaulies,” 0 83 or 1-17 feet per second are mentioned as the 
lowest mean velocities which will j)icvcnt the growth of weeds. This, how^ever, will 
vary wdtli the nature of the soil ; vegetation also is inueli more rapid and vigorous 
in a tropical eliinutc than where Mr. Neville made his observations. 

In Cajit. Iliimphicv’s and Lieutenant Abbt»t’s reports on the Mississippi, 1860, 
it is ineiitioned tliat the alluvial sod near the mouth of the river cannot resist a mean 
velocity of ,‘j feet jicr second ; and that in the IJavou La Fouichc, the last of its out- 
lets, which U'^enibles an artificial channel in the legidarity of its section and general 
direction, and the ahseiiee ol eddies, &c , in the stieam, the mean velocity does not 
exceed 3 feet jkt second, and the hanks me not ahi ailed to any prcceptiblc extent. 

35. From the foregoing and other ohservalions, and taking into consideration 
that the highei the veloi iry*the less the works will cost, I think the following 
may he taken ns safe mean velocities with maximum supply in the Ganges Canal 
channels. 

1. In the Ganges vallov above llooikce, 3 feet scr second. 

2. In the ^alldy tiact goneially between Roorkce and Siidhanna, 2*7 feet per 

second. 

3. In very light sand, such ns that met with at the Togliulpoor sand hills, not 

higher that ‘2 5 feet per second. 

4. And tor the elmnueL south ol Sirdhannn, 3'0 feet per second. 

On the blanches, the same data to be assumed accoiding to similarity of the soil. 

There aic soils, as Colonel Dyas, has noted, such as light quicksand, which will 
not stand velocities ot even 1 fcKit or feet jicr second, but these arc never found 
to any great extent in one place : erosion there can only have a local influence, and 
such jilaccs can bo iirotccted at a trifling expense. It is channeling out on long 
lines which is to be feared. 

36 . rrom tbe above considerations, therefore, we can now deter- 
mine tbe section of tbe canal channel by the help of proper mathema- 
tical formula. ^ • 

Let D = the discharge at any point in cubic feet, A the area of 
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the channel section in square feet, and V the mean velocity, at that 
point in feet per second, then of course D = A ^/ . 

Now to find Y, many formula) have been given by Dubuat, Neville, 
and other authorities on hydraulics ; some ot whieh are very elaborate. 

Major Crofton uses (from Neville) T = C ^ d being tlie hydraulic 

mean depth,* s the denominator of the fraction denoting declnity of 
bed, the numerator being unity, and C a eo-eflicient, A\]neh lie takes at 
90 for velocities up to 4 feet jier second, and 93 fur high velocities, such » 
as those of hill ton cuts, Sic. 

Dwyer’s formula Y = 92 V 2^ d being the siTme as above, and s 
the slope of the bed in feet per mile, is leeommended as simple and 
sufficiently correct for all ordinary cases ol canal discharges. 

37. In canals actually luiining, the >elocities may be also determin- 
ed by direct observation, as in the case of a riviu-. 

The observations for discliaige of the Ganges Canal cliannels taken 
for the purposes of INlajor Crofton’s rcjiort ^\ere obtained as follows: — 

Two cross sections of the stream weie taluui at a uniform distance 
apart of 200 feet, the depth of water being measured at e\ery 10 feet 
or less long the vidtli of each section. « 

The velocities weie obtained b\ noting the times of transit, at se\eral 
points in tiie width of tlic stiearn, of lloats iroin the uppm to the lower 
section , these floats were made of painled di al rods about an inch square, 
loaded at one end so as to float nearly ^c^tlcally and [lass as close to the 
bed of the channel as possible without toucliiiig, their upper ends pro- 
jecting a few inches above tlie water’s sui face. Tliiw were found in e\ ery 
case to float in a line closely parallel to the lliread of tlie current. A 
very near approximation, it is c\ident, was tlius obtained to the mean 
velocity in the vertical plane traxersed by each. A correction for the 
small height of the end of the float above the bed was applied to each 
velocity before using them for the calculations of dihcluirge, vi/.. 

C (or multiplier of velocity) zn 1 0-116 

where 

D =r depth of water. 

D, = length of rod immersed, 

• Pound liydivTcling the nreaof llic channel spction i.olow tliC w.n line bj the waUr contour 
(i. thoJength of the bottom and ude^ ui the t-uctioiij. 
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This was given in the report on the Mississippi by Captain Humphreys 
and Lieutenant Abbot, as obtained by Mr. Francis in his experiments 
at the Lowell Water-works, where velocities of current were observed 
in a similar manner to the above. 

Velocities were observed on the Ganges Canal and elsewhere, also by 
a current meter of similar construction to that known as Woltmann’a 
hydrometer, as well as by surface floats, but no method yet tried seems 
so satisfactory as that of the floating rods. The declivity of the water’ s 
surface was also in most cases observed for the purpose of comparison 
and obtaining reliable co-efiicients for calculation. 

38. To illustraiS tlie foregoing, let us suppose that in the instance 
above given at para. 27, 4000 cubic feet were available as the minimum 
discharge, and that we determined to make our channel accordingly. 
We wiW fix on a fall of 1 5 feet per mile as the ruling slope, and exca- 
vate the channel with side slopes of 45° ; then to find the necessary 
bottom width, AB, of the channel at the head ; let the depth be to the 
width as 1 : 15 and call the depth j*, 

BO that AB = 15j', then CD = 17a?, 
and the area of the section = IGo:’, 
also as AD = BC = V wet contour 15ji? -f 2a? V 2, and the 

* 1 G J’" 

hydraulic mean depth = d and from Dwyer’s formula, 



V = ’02 = '92 / = 1*5 Vo?, and dis- 


charge = D = d,000 = lG.r’ X i'o V a? = 24 hence Vo:' = 
1GG-G7, and a? = 7 74, therefore 15a? the bottom width = 116 feet. Or, 
we may, assume a value for a?, and by trials approximate to the real 
value. Or, the depth of digging may bo determined for us by our 
levels, which would also determine the bottom width, if it is to be 15 
times the depth. And if these dimensions would not suffice for the 
required discharge, we should have to alter the ratio or else increase 
the slope of the bed. 

39. The section of the water channel and slope of the bed being 
thus determined, it is evident that the surface of the water may either 
be within soil^ (as it is termed,) that is below the natural surface of 
the ground, or above soil, when it w'ill have to be retained by artificial 
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embankments. If, not merely the surface level, but tlu‘ whole body 
of water is above soil, the eiiibaukmeuts must of course lie \ei y in:is- 
sive and may require to be puddled to render them water-tight. In 
the great Solan! embankment, tho water is retained wuthiii a solid 
masonry revetment on each side, backed up by an earthen bank aver- 
aging 16 feet high and 40 feet thick. 

Although the water being thus raised above soil greatly increases tho 
facility of irrigation by its command of level, it is evident that the con- 
struction of such embankments involves great expense, and that if any 
breach occurs the damage done will be very great. 

40. The most favorable conditions are obviously w hen the canal water 
is part]/ within and parti/ above soil, so that the earth e\eii\ateLl irom 
the chanDel just suffices to build up the bunks, ^\hile there is sufficient 
command of level for all irrigating purposes ; and the nearer tins can 
be approximated to, the more perfect will the canal be. The following 
would be such a section : — 


Let 2 a = width of canal at loot B. 
d = depth of canal Ali. 

X = rc(iuiicd depth of di^'iiinj^. 
Let A = area of hank aljo\c EC, 

B = „ canal ho hclow 

DE, 



H R 



Then w'hatover be the po.'.inon ot rlic natinal siuiaeo, A and B au* eoiivi.int^. 
mat no wish i- to dcLcimme the depLli BN so that the aica BECK shall = 


EFIIPQ. 

i. e., B - EFGD = A + EFIlC 

B - X - O = A + X (-/ _ .) 

d — 


• { (ED + FG) -h (EC + HF) I = B - A 


( 1 ) 


Let EC = 7i, let a = indinanon of EB, ji = irulimilion of HI*. Then llli = 
CR cot ^ - x) cot ft, SF = (d - X) cot a. And HE = // + (d _ .,) (coL 

a + cot ft) EG + FlI = 2 A + (d - x) (cot « + c(.t ft). 

Now ED = AD + AE = a + d cot a\ . ■ -i^r< . ^ , 

FG = IIG + FlI = „ + ^ cot af * * ED + I«G = 1> + (d + x) cot «, 

IIcDcc, substituting in (1) 


d jy / 

2 I " ^ “b "b a 4- 2 A + (d— jc) (cut a -|- cot /3) | = B— A. 

|2 a + 2 d cot a ^ 2 h ^ d cot ft - ix cot ft^^ = B - A ; «d- ax + d- 
eot tt - d« cot a 4 - hd - Aj: 4 - ~ cot ft - dx cut ,3 4 - ~ cut /3 = B-A ~ 



as 


cot /3 — aj + (I cot n h d cot ft) = B — A— r/ (n /<)— cP cot a — — 

2 

cot I {. 

From which equation we can find x. 

Take an examjde, let a = /3 = 45°. 

Then eot o = cot /3 = 1. 

Let a = 50,d = 8 feet, h = 40. PQ = 25 feet, QT = TM 6. 

/Vi _L. R7 

CM = 37. ThcnB zra^Z 4 --t = ^32. A=^—^X 6 = 186. 

2 2 

* 

/, Equation becomes — x (lOG) = 432 — 186 — 8 x 90 — 64 — 32 = 564 , a;’ 

2 • 

— 212a; = — 1148, whence x = 5 6. 

For sanitary reasons it may be desirable to keep the water aa a 
general rule within soil, but the effect of this will be to increase greatly 
the coat of the canal — and if, as is often the case, a sandy stratum 
under~lic3 the superScial clay, it is very undersirable to dig down to the 
former as much water may thus be wasted by leakage and absorption, 
and large swamps formed which will require to be drained. 

<11. Alignment of the Canal, — The steps to be taken in fixing the line 
of the projected canal and in marking it out when approved of, will bo 
Biiuilar to those described in the Section on Koads. The gradients have 
to be duly considered m both cases, though much more carefully, as we 
have scon in the former. The requirements of the different towns and 
villages, wliich, in the case of a road have to be considered with refer- 
ence to traffic, will have chiefly to be viewed in regard to irrigation, and 
secondarily only for traffic in the case of a canal. 

The obstacles to he avoided, whether mountain torrents, swamps, hills, 
&c., are much the same, and the more elaborate methods of overcoming 
them required for canals, wull be described further on. 

42. The following instructions drawn up by Major Crofton, E.E., 
for the Punjab Irrigation Department, on taking levels for a canal pro- 
ject, and on subsequently laying out the line, will be found generally 
applicable : — 

Trial Levelling and Surveying. — In addition to the levels of the couii- 
trj surface, a rough survey or reconnaissance is required, which should 
give information on the following points, viz.: — Approximate sites of 
villages or towns, lines of drainage, roads, railways, old water-courses, 
canal channels (main or rajbuhas), edges of high (“bangur”) land, re- 
markable buildings, wells, nature of soils, crops, trees, &c.; position of 
stone or kuukur quarries, &c. 
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The places between which roads run, and their bearings (if regularly 
lined out), should be noted ; if on embankment, the level of the top sur- 
face should be taken. 

The bearings of regularly lined out canal channels or irrigation cuts, 
and the levels of their beds at points of crossing, with cross sections at 
right angles to the direction of each, showing level of full suppU , arc 
required. 

The level of the lowest point in the beds of nullahs where crossed ; 
with sections at right angles to tbeir courses, showing level of highest 
known Good, and date of its occurrence if ascertainable ; the level of 
surface qf water in rivers (noting date of observation) ; depth of water 
on lowest point of bed (if obtainable), and level of ordinary and highest 
known flood ; levels of floors of tanks and loxNCst points of large jheels 
should be observed and connected with the line of levels. The sites of 
such sections taken off the line should invariably he connected with the 
traverse. 

The water-way of all bridges or culverts met with on or near the lino 
of level should be measured : and the levels of their floors or plinths of 
abutments, or the bed under the arches if there bo no flooring, with 
highest flood mark, carefully noted. ^ 

Wherever a well is met vritli or used as a bench-mark, the level of 
the surface of the w’ater should be noted ; the deptli below the bench- 
mark can be measured with sufficient accuracy hy the chain. If water 
is being drawn from the well, the surface will in general be abnormally 
low, in which case the height at which it usually stauds when not in use 
should if possible be ascertained. The quality of the water, whether 
sweet or brackish, should also be noted. 

These observations of the surface level of tlie springs should never be 
omitted when opportunity ofters ; it is a point of considerable import- 
ance. 

The color and description of the soils, whether sandy, clayey, Ac., 
the presence of the white or brown efilorescence known as “reh” or 
“kullur” should be noted. 

43. A complete delineation of the drainage lines of the country be- 
ing one of the primary objects of the survey, too great care cannot be 
taken in ascertaining their positions. They may be di\ided (excluding 
the large rivers) into two classes ; the first easily recognizable by their 
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size ; well defined channels running in valleys at some depth below the 
general level of the country adjoining. Into these and the rivers, in- 
numerable channels of the second class discharge themselves, the exact 
positions of which are not always to be detected by the level alone. 
They usually rise in jheels lying close to the water-shed, and their 
courses are marked by a series of jheels connected by intermediate low 
lands; a black clayey soil “reh,” rank grass, and crops requiring fre- 
quent irrigation, such as sugar-cane, cotton, &c., generally mark the 
places where water has lain, or over which it Sows in considerable 
quantity. No land of this description should be passed over without 
enquiry as to whether it is flooded during rain, and from what direction 
the water comes and whither it runs off. “lieh,” if contained in the 
soil, always rises to the surface where water has lain for any time, and 
appears in greatest quantity during the cold season. 

Large towns or villages will almost invariably be found situated close 
to lines of drainage, or low ground where water collects after rain. 

Sand hills, or very sandy soil, generally mark a water-shed on the 
“ bangur.” 

Where a nullah or drainage line is crossed, and the level of the lowest 
point of the bed is obseried, great care should be taken to ascertain 
wfliether this point is on the general level of the bed ; if otherwise, the 
dilFerence above or below should be measured and noted, 

44. AVhere an impassable object lies directly in the line of direction 
of the levels, it should be passed thus : — 


Direction A 




C of levels. 


Imp'i’ssnblc 

ob\cct. 


y 


that is, wherever it is necessary to diverge for a short distance from the 
given line, it should bo rejoined as soon as the obstacle is passed. In 
plotting the section, the points A and B, and C and D should appear 
identical. 

Bench-marks should be established at intervals of about 3 miles in 
general, and one close to every large nullah or line of drainage, as well as 
at the ends of each cross section or line of levels. Busting buildings to 
be preferred for the. purpose. 



All Canal, Road, Railway, Great Tngonomctrifal or other 

^ bench-marks met with cn route should be couiiectod uith tl )0 line of 
levels. 

45. The error or difference in any circle of levels ought not to exceed 
1 foot per hnndred miles traversed. Small errors arising from incorrect 
reading of the staff, not holding it vertically, high wind, and such like, 
are inseparable from all levelling, but tliose will not be found to accumu- 
late if the work be carefully dpue. A teudoniy, liowever, lias long been 
observed, though as yet unaccounted for, to a small cumulatiie error in 
the direction of the levels ; but this is not found to afleet practical o ler- 
ations materially. A\"liere great accuracy is required, such as lu the 
proof levels of a cjinal channel, it is ad\ isable to le\ el t\\ ice over the sa no 
stations with the same instrument, the second ieieJ Ix'iug carried in tne 
reversed direction to the tivst ; the mean reduced ievei of each station 
will be as nearly accurate as it is possible to obtain it. 

46. For the purpose of determining \\ater.sljeds, on or near to which 
it is an object to carry irrigating channels, in a generally level country 
such as we have to deal with, cross sections at intervals, iierpeudicular 
to the supposed water-shed, or line running centncally between the 
drainage lines on either side of the water-shed, will be found most ad- 
vantageous in ecouomi/mg time and labor Xo rule can be laid down 
for the distance between any two successive cross sections; it must bo 
regulated by the features of the country. ]• or the general alignment of 
the main channels between two large ri\ers, the interval should not 
exceed 10 miles. For the actual huing out, and for the minor channels 
the interval probably should not exceed five miles, or possibly less, 
though in most cases, I believe, it will be found to answer the purpose 
better to map out the drainage of the country minutely than to take 
cross sections at smaller intervals than five miles. 

These cross sections should be connected by longitudinal lines be- 
tween their extremities to test the accuracy of the work ; the latter 
unless intended for some other special purpose, may bo carried on the 
most direct lines between the points to be connected. 

■Wherever drainagea are met with, enquiriea aliould be made as to 
their courses, both above and below the lines of levels, names of villages 
near which they pass, &c. ; by thus observing them in each successive 
line of cross section, a very complete plan of the drainage of the conn- 



try is obi ainablc, as well as a connected senes of levels along the bed& 
of the outfalls. 

{Similar information to that detailed above should be obtained with 
all levelling or surveying for rajbuhas, drainage projects, or any other 
work connected with irrigation. 

47. In levelling for the longitudinal section of a riv6r, the line 
should follow generally the main water channel, the stations being in- 
variably on the bank or dry ground near the edge of the stream. The 
level of the surface of the water at intervals (noting date) of ordinary 
floods and highest known flood; the position of the top and foot of 
rapids (if any) and level of surface of Avater at each point to be noted. 
Tho depth of water to be measured in the deepest part of the thannel 
where the surface level has been observed. Cross sections at right 
angles to the direction of the river should be taken at intervals and 
connected with the senes of levels showing the bed, surface of w'ater, 
level of ordinary and higliest known flood. The survey should show 
all minor channels and affluents (if any) and as nearly as possible the 
extent of laud under water in high floods. The nature of the bed, 
whether of boulders, saud, elay c^c., should be carefully noted. 

48. A prismatic compass held in the hand will be found very use- 
ful ill filling in details off tlm line of the senes of levels. If the varia- 
tion of the needle is not identical with that of the level employed, the 
bearings should be reduced before entering in the field-book to the 
meridian of the latter. Most of the side measurements, where great 
accuracy is not required, may be made by pacing. Two and a half of 
three feet paces will be found most convenient as admitting of easy 
reduction to feet. 

The scale generally for protraction of levels should be 1 mile to 1 inch, 
Tor tho sections, the horizontal scale same as for the protraction ; the 
vertical, lUO times the horizontal. Larger or smaller scales may be 
necessary for special purposes; but always measures or aliquot parts 
of tho one-mile-to-tlie-mch scale. 

On every protraction of levels, besides the heading, the following must 
never be omitted. Date of the survey, name of the surveyor, scale and 
meridian lino ; the numbers attached to the several stations on the sec- 
tion to be identical with those* on tho protraction. 

All details noted in the field-book should be transferred to the protrac- 
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tion or section ; a sketch and a short description of each bench-*mark to 
be entered on the back or margin of the sheet in which its position is 
shown. The information is thus more accessible than if old field -books 
have to be searched for it. 

If a map is to be compiled from levels or surveys taken with more 
than one instrument, it will be found best to protract the work done 
with ouch insiruineot on separate sheets, to be aubseguentlj transferred 
on to the map. 

49. SuTV€y and lining oui Canal Channels. — FrelwiinaTg SuTvey, j 
After the position of the line, which may generally be assumed as the 
water-shed, has been approximately determined by names of the cross 
sections, or otherwise^, an accurate traverse with the theodolite should be 
taken over it, includlifta survey of the ground for about half a mile in 
general, or further, if Jeemed necessary, on each side, which should give 
information on the following points, viz. : features of the country, if ir- 
regular ; nullahs, lines of drainage and jheels, wherever met with ; sand 
hills or ridges ; towns and villages, wells, buildings, whether of masonry 
or mud ; roads, whether regularly lined out or merely cart tracks — if the 
former, the bearings should be taken ; places between which they run 
(whether tracks or made roads), and whether they are lines of traffic or 
merely village communications, should be carefully ascertained (this ia 
useful afterwards in determining the sites of bridges) : village boundaries, 
&c. ; such minutim as the boundaries of fields are unnecessary, those of 
gardens may be useful ; in fact, everything which is likely to be of assist- 
ance in determining the precise line, or which it would be advisable to 
avoid if possible. A survey of this nature, carefully taken, will generally 
admit of choosing a line which will not injure property or disturb 
existing rights in the least possible degree. 

The accuracy of the traverse is the point to be chiefly looked to ; the 
distance between the stations on it should be as long as possible ; never, 
if practicable, less than a mile, as the probabilities of accuracy in observa- 
tion are greater in the case of long than short sights, and the plotting, ia 
easier as well as more likely to be accurate. The sights to the station 
poles should be taken as in ordinary traverse surveying, but should show 
the magnetic bearing of the lines, or their supplements ; these should be 
checked by repeating the observation at eiich station, thus : — Clamp the 
upper plate on zero of tho lower and fix on back pole j then turn upper 
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found to sight fore pole, noting the angle in the field-book; th^s 
angle should equal the difierenceof the magnetic bearings first observed. 
This will check the directions of the traverse lines. To check the dis- 
tances between stations : — h'ix on a well defined point some distance to 
oner side, say a mile, and observe to it from every station from which it is 
visible. If the distances have been measured and plotted correctly, and 
the bearings are accurate, the latter will all meet in one point on the 
map. » 

The stations may be marked on the ground by large pegs, about three 
feet long, driven well in. Jf their future identification is an object, and 
there is a chance of the pegs being destroyed or removed, a ghurrjh filled 
with charcoal, buried at some depth below the surface of the ground 
will give the means of finding their sites again with sufficient accuracy 
for all practical purposes. The surest way, hoover, is to note their 
distances and bearings from any easily recognized and premanent objects 
which are not likely to be disturbed, if such should be found sufficiently 
near for the purpose. It will be found most convenient to fix all stations 
on mounds or rising ground. 

All bearings taken with the theodolite should be noted to the small- 
est portion of a degree its graduation will admit of; for, although they 
cannot be plotted nearer than to a minute, close observations are neces- 
sary to ensure accuracy in a long line of survey. Bearings should be 
taken to all well defined objects, such as spires of temples, 4&c., wherever 
visible ; though possibly useless for the special purpose of the survey 
they may be of importance hereafter in giving the means of joining on 
other surveys to any of the traverse stations. 

The angles on the side surveys may be taken with a good compass, 
prismatic, or of any other description available ; the actual bearings, as 
shown by the instrument employed, being entered in the field-book, i. e., 
no correction being made in the Jield for the variation of compasses (if 
» any) . Villages should be traversed round, so as to determine their outer 
limits, but no interior survey is required. These should be connected 
with points on the main line of traverse ; the correctness of the junction 
line may be tested by observing from several points on it to some object 
in or near the village (such as a large tree, house, &c.), which has been 
well connected with the boundary survey of the village. 

As the choice of a good line and the actual lining out on the ground 
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rery much depends on the accuracy of a map, this should be pl.'iced beyond 
a doubt, if possible before the line is chosen and marked on it. The tune 
occupied in taking check observations and lueasureiuents in the field will 
bo well repaid by the facilities afforded to the subsequent work by a 
»aUy accurate plan of the country. 

It will be found convenient to have two descriptions of poles (jhundees) 
for settingup on stations to which observations are to be taheu, one for use 
in windy weather, mounted with a flag; the other when the air is caltn^ 
with a small “ moon ” (made by covering a wooden hoop with calico) 
about li feet diameter; as a flag when not fl}ing free is scarcely more 
distinguishable at a distance than the bare pole. On the revenue 
survey, poke pointed in foot lengths, white and block alternately, are 
employed, which makes them visible at a far greater distance than the 
common uncolorcd bamboos. 

The position of the actual water-shed near the line of traverse should 
be carefully ascertained and noted on the map. 

60. Lining out, — If the levels of the wfUer-shcd admit, the nearer 
the line of canal approximates to it the better: the interference with 
the surface drainage of the country being then the least possible. It 
should be laid down in straight lines as far as ‘practicable ; the fewer 
the curves the better ; none, unless in special cases, of less radius than 
three miles or 15,000 feet, though curves of 5,000 feet radius on the 
Baree Doab Canal have been found to answ'er very well. It is of 
course a desideratum to avoid villages, buildings, and valuable property 
of all kinds if possible, and this can generally be effected without sacri- 
ficLug the primary considerations which should guide the choice of a 
line, if the map be accurate and give sufficient detail. 

Wherever the water-shed cannot be adhered to exactly, ground should 
be chosen from which the surface drainage can either be passed into 
the canal channel or turned off in some other direction ; otherwise j heels 
and swamps will form after rain on its water-shed bank. It should be 
considered, however a standing rule, that no drainage water should 
enter the canal channels, large or small, unlese it be impossible to dis- 
pose of it in any other way. 

The centre line of the intended channel having been laid down on the 
map, and from it transferred to the ground, all boundaries, &c., can 
subsequently be demarcated from it. In laying down curves on the 
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map, the use of “ French curves,** or card board cut to the required 
shape, will be found to facilitate the process considerably. 

The following is recommended as the least laborious method in the 
description of country with which we have to deal, of transferring the 
line on to the ground, and sufficiently accurate for all practical purposes* 

First, for the straight portions. Find the approximate bearing of 
the line and measure off-sets to it from two survey stations, say two or 
three miles apart on the map. These off-scis measure off on the ground ; 
two points are thus obtained in the required line, which may then be 
produced either way at pleasure. 

61. Where a curve is required, produce the tangents (obtained as 
above} oh the ground till they meet, marking their intersection as des- 
cribed for survey stations; the angle between them may then be ob- 
served, and their lengths found by calculation for a curve of the radius 
previously determined on the map. Measure off these lengths from the 
intersection, marking the commencement and end of the curve thus 
obtained by large pegs. In cases where the intersection falls on ground 
from which the lines of tangents are not visible, the angle between them 
must be obtained from the map, and the lengths calculated therefrom. 
The points marking the termini of the curve being thus determined on 
the plan, they must be transferred to the ground lines by measurement 
from some points fixed by the survey. 

In laying down the curve itself, it will be sufficient for all practical 
purposes to fix points at such intervals that the versed sine of the inter- 
cepted arc shall not exceed 0 25 foot, or thereabout. These points may 
be obtained by off-sets from the tangents where the maximum length of 
such off-sets does not exceed 30 to 35 feet ; above this limit, it will be 
advisable to adopt the method of off-sets from chords. Calculate the 
number of chords of a constant length (1000 feet or 2000 feet answer 
best in practice), and the length of the remaining chord contained in 
the curve. Proceed to lay them down in the usual way with the theodo- 
lite, and commencing from one end of the tangent; if correctly done, 
the end of the last chord will fall on the peg marking the termination 
of the other tangent. 

If there is some small difference on closing (and in a long curve this 
generally occurs in direction ; seldom in length), correct thus — 

Supposing A' G' D' £' B' to be the line as laid down on first trial, and 
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A C B E B the correct one ; the distance B B' being mrasured, the 



corrections for the other chord ends or distances E E', D D , C C , may 
be found by assuming the spa?e between the two curves to be a triangle, 
and the lines, E E', &c., to be drawn parallel to the base B B : B B and 
the lengths of tbo chords and the entire curve being known, the coTeC’- 
tions arp easily obtained ; then returning over the curve, correct the 
positions of the pegs marking chord ends. If the difference in the lefigih 
of the curve is considerable, it will be advisable to go over the work al- 
together again; this, however, with careful work seldom happens. 

Having thus fixed the ends of the chords, la^’^ off the off-sets distant 
from each other not more than 200 feet, if on a curve of three miles radius 
or upwards ; on curves of less radius the interval should not exceed 100 
feet. These points may be marked by pegs about IJ foot long. 

Chorda of 2000 feet in length will answer for curves of 3 miles radius 
and upwards ; for radii of 2 miles and 1 rnile, 1000 feet chords. 

62. In laying down long straight lines it will be found advisable, and 
in very uneven ground absolutely necessary, to use 
one or two signals of much greater height than tbe 
ordinary flag-staff*. Such a signal may be made, as 
shown in the annexed sketch, by connecting two 
bamboos, say 40 to 50 feet long, in the form of a 
ladder, joined at top, and about 5 feet apart at bot- 
tom, by cross pieces at intervals ; a “ moon,” formed 
with a wooden hoop strengthened with cross pieces 
and covered with calico, being fastened at top ; the centre of this moon is 
then adjusted over the line by a plummet, and the whole is secured in 
its position by three guy ropes attached to largo pegs. 

Other methods of laying down curves may be necessary where the 
ground is much encumbered with obstacles ; but for the description of 
country usually met with in the plains of ^Northern India, the method 
above described will, it is believed be found the simplest and moat 
practical. 
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The ends of curves should be marked by a small cube of masonry sunk 
to the level of the ground, as it is difficult afterwards to find the exact 
positions, if some permanent mark be not made at the time of lining out 
bench-marks of masonry (one foot cube will answer) should be sunk to 
the level of the ground at intervals of 500 feet along the central line of 
canal, and numbered on top to denote the distance from the zero of 
longitudinal measurement. Those denoting even thousands of feet to 
be marked with integers ; the intermediate ones thus “ ” It will be 

found a great saving of time if the positions of these bench-marks be 
marked simultaneously with the lining out, and this may be done by 
driving in two pegs thus : — 

O ppff 


Central 


line. 


O P<^g 

Tosition of B. M. 


On straight lines one chain only is necessary ; on curves two should be 
employed ; one in measuring, distances along the chords, or tangents (as 
the case may be\ for the oft-sets, the other meanwhile following along the 
curve. By this means the nick can be cut and the bench-marks laid in 
immediately in the wake of the surveyor; and the sooner this can be done 
the better, for none but marks of masonry will long remain where people 
and cattle are constantly going to .and fro. The bench-marks, however, 
should not be waited for, to commence cutting the nick ; this should be 
dug at once about half a foot deep; a Jong narrow cut is not easily 
effaced. The marking out and cutting the boundary nicks should follow 
that of the central line. If there is any fear of the bench-marks being 
injured by cattle, &c., cover them with a small mud pillar. 

The chain for measuring distances along the central line should be 
exactly 100 feet long, and its length should be constantly checked, as 
this measurement must be as accurate as it is possible to make it. 

The zero of longitudinal measurement for the central channel of a 
canal is the face of the up-stream head wall of the regulating bridge 
at the head. Por the branches, or any minor channels, the same line 
on their respective regulating bridge heads. 




4G 


The details of all curves, such as the angles between the tangents, 
length of tangents, number and length of chords, &c., rediierd distances 
from zero of longitudinal measurement of extremities of cm ^ cs, crossing 
points of roads, nullahs, <&c., and all other items of information likely 
to be useful hereafter in the construction of the works, should be noted 
in the field book on the spot, 

111 aligning the minor irrigation channels, so great accuracy is un- 
necessary, as curves may be niore frequent and of smaller radius ; but 
the same care should be taken as in ih*- case of the larger cliannels, 
to avoid as far as possible injury to existing property or disturbance 
of existiflg rig''i>. 

For producing straight lines on the ground, a theodolite is unneces- 
eary; a good reconnoitring telescope will be found to answer the pur- 
pose perfectly. 

53. In the actual construction of the line, tlie Cuttings will be laid 
out and made like road cuttings, but it is evident that the Fmhankinents 
must be different, as they lld^e to retain within them a large body of 
water. Their thickness must, therefore, be very great on both sides of 
the water channel, and they vary in mean width from 30 to 100 feet, 
according to depth of water. If leakage occurs they must have a wall 
of puddle or be otherwise rendered water-tiglit. 

The method of constructing the cuttings and embankments has been 
sufficiently treated of in the Section Exutiiwoiik. 

54. In the annexed Plate are some cross sections of the Ganges 
Canal, taken at different points along its course, showing the channel 
as originally excavated ; and the following account of the method of 
excavating the most difficult portion of the line will be found inter- 
esting. 

From. ih€ PuHri Superpassage to the Itutmoo This is perhaps the most 

interesting line of work that has been excavated. The length is equal to 10,810 feet . 
On its course it passes through a ndge upon which the villages of Gurli and Say- 
nibas are situated ; and with the exception of the super-soil, to a dcjdh of from 7i to 
20 feet, it is entirely excavated through earth impregnated witli sjirings, 

^e work was tedious and very expensive ; it required, moreover, the constant 
vigilance of an active supervisor, to see that what was done in one day, was not, by 
the action of the springs, undone the next The spring-water, which is kept down 
by impendous superstrata, rises immediately it 'escapes from its bondage. At a 
nulla, which is intersected by the canal, water runs in a perennial stream. The dif - 
ficulties of excavating this portion of the canal, may be comprehended by explaining 
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that the ■■.. ream in question, naturally runs on a level of 8-18 feet above that of the 
canal bed This nulla was merely an external exhibition of the spring level through- 
out the whole line of country now referred to. 

Afltr removing the super-soil, or that unconnected with springs, an escape was 
made near the above nulla The distance from the Puttri to this nulla is 10 804 
feet, so that, in making use of the escape, for the relief of spring-water during tl\e 
excavations, a considerable slope was available. The direction of the spring current 
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was from north to south, or from the high to the low land. The canal channel in- 
tersected this at right angles. The Executive Engineer’s plan of operations will be 
best uudci'-tood h\ diagrams slunMug the line in ])lan and section. 

The true section of rhe canal in its full depth is leprescntcd by the dots The way 
that this was rciuhcd wilHie undei stood by the shade C, Fig 2, which represents a 
ditch or (‘unetto, in this ca^e a oatch-drain for the spring-water which flowed in the 
direction ot the arrows This cunette was cat nod along the whole line of excavation 
and terminated in the escai.c Xo 2 Both cunette and escape were maintained in a 
constant st.ate of t ffiviency ns rogaids the fici* run of water. By the interposition of 
cunette C, thatiiortion of the canal channel at D, Fg 2, was excavated without trou- 
ble, as it w as entirely cut off Irom its spring supply. The process w as a very gradual 
one As the depth of the cunette was increased, so did the portion D become reliev- 
ed of its diflicultics. It was an opciation requning especial care ; and in a pecuniary 
point o1 view', the greatest attention to prevent the woik of one day being oblitera- 
ted by tbe action of springs dining the night-time. The whole work was, however,, 
completed sati^factoi i ly. 

o5. The considerationa which determine the site of the canal head 
have already been noticed. The canal should be made to tail into a 
river or nullah, into which the surplus water unexpended will he dis- 
charged, and in order to secure an efficient scour, it will be advisable 
slightly to increase the velocity at the end. A fall into the outfall 
Bullah or river is generally tbe best way of effecting this. It should 
be understood however, that it will rarely, if ever, be expedient to keep 
up a permanent stream in the outfall, with the view of scouring out the 
eanal, wd it would obviously be no advantage to discharge muddy water 
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from the tail of a canal, or from an escape, if the same quantity of 
* equally muddy water were admitted at the head. But iu praot ice, owing 
to bursfs of rain falling. suddenly along portions of a long canal, and 
caufling an excess of water where there may not be time or when it 
may not be considered desirable to reduce the supply entering the head 
of the canal, it is very necessary that there should be means of turning 
ofi the surplus. 

56. The points at which should be taken off from the 

main line, as well as the general course of these branches, w’ill be fixed 
from a due consideration of the levels of the country and the extent of 
culturable land requiring irrigation- If the main canal has been cfcr- 
Tied on or close to the watershed or backbone oi the district, then ihe 
branches should he lined out as far as possible on the minor ridges 
which lie on both sides of the main ridge, the object iu every case being 
to keep a sufficient command of level for surface irrigation. There is a 
further reason for carrying the canal channels on watersheds wherever 
possible, viz., to ensure, the minimum of interference' with the country 
drainage, the importance of which will be explained further on. The 
size of the branch channels and slope of their bods will bo dependent 
on the same principles as those already noted in the case of the main 
line, and the same remark applies to the liajbuhas or distributing water- 
courses which are led off from the main and branch lines, and from 
which it is now the most approved practice to deliver the water for the 
actual irrigation, its further employment being left to the cultivators 
{^See further on). 

57. Bridges of communication are required wherever roads cross the 
canal, and for the general convenience of the country. On the Ganges 
Canal they were designed at about every three miles apart; and, when 
in the vicinity ot large villages, are provided with ghats or [iteps for 
convenience of bathing. Cure should be taken to provide sufficient 
headway under the arches or openings for laden boats to pass easily - 
when the canal has its full supply. On the Soane Canals, 13 feet are 
allowed for this purpose, and it is also desirable that the obstruction to 
the stream presented by the piers should be as small us possible ; fop 
this purpose it will generally be advisable to widen the canal slightly at 
these points so as to allow a full waterway for the stream through the 
bridge. Otherwise, expensive precautions have to be taken to secure 
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the foiindiitions, and tlio incroaaed velocity under the arclioa will render 
navifTiil ion dangerous or at least difficult. 

58. A Tow-path should be provided on at least one side of the canal 
at a constant level of 1 to 2 feet above the water surface. It may be 
from 12 to 15 feet wide in earthern section, and not less than 6 feet 
under bridges ; the tow-paths should be carried under the side arches 
of bridges, in no case through the abutments or wing-walls, the latter 
arrangement being an obstacle to free navigation. 

59. A Hoad is also desirable on one side of the canal for convenience 
of inspection. It may be 20 feet wide and plautod with trees. Tree 
plantations are also general Ml(>ng the canals of the N. W. Provinces, 
No trees should, however, be allowed within 30 feet of the watec’s edge, 
as theiv proxiinit) juter/erea with the stability of the efmbankments, 

60. Chokcas or stations for the Engineers and Overseers employed 
on the line are also provided at intervals, and are generally fixed at the 
site of the most important masonry w'orks. 

(51. The following note on the dimensions proposed for channels 
and masonry w'orks, oi NAVia.vTioy Canals in Upper India is by 
Major II. A. BrownloV, K.E., Superintending Engiueer> Ganges Canal. 



Proposed section of Channel. 

The midship section of wooden boats in general use on these canals is 


given. 

Length, 45 feet. 

Top width, 12 5 feet . 

-r, . , , „ , ^ C midship section. 

Bottom width, 8*0 feet ) 

their draught will be 2’5 feet, w’hen laden with 4t>0 to 500 niaunds, the 

usual burden. 

liankine gives as dimensions and proportion of channel, required to 
prevent any material iiicreasd of resistance to motion ol boat, beyond 
what it w'ould eucoiinicr in open watei — 
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Le&Bt breadth at bottom = 2 X groatest breadth of boat. 

Least depth of water 1'6 feet + greatest draught of boat. 

* Least area of water section = 6 x greatest midship section of boat. 

Bide slopes not less than 1 in 1‘5. 

The midship section, to water line, of the wooden boat, of which the 

dimensions are given above, may be taken as 25 superficial feet. 

Area of water section of proposed channel = 162 5 superficial feet. 

Depth of proposed channel = 25 -f usual draught 

Bottom width = 2 X greatest breadth. 

Bide slopes of proposed channel, 1 in 15. 

Mr, Kelly (whose opinion is most deserving of consideration) would 
prefer side slopes of 1 in 2, in order to admit of gravel or pitching 
beingjaid^^h^RgJ^ for protection of slopes. Side slopes 

hfive been made 1 in 1*5, however, with the view of economising excava- 
tion and ground occupied by channel. 

62. Towiny-patks.— Towing-paths to be provided on each bank. To 
be 3 feet above surface of water except in very deep digging, where, to 
economise excavation, they should run 4 feet above water surface. To 
be 10 feet wide in the clear, with a slope of 1 in 20 to* outside. An edging 
4 feet wide at bottom, 2 feet wide at top, and 1 fpot high, to run along 
crest of side slope of channel, and a shallo^v drain 2 feet wide, and G in- 
ches to 8 inches deep, along exterior edge of towing-path, when there 
is a spoil bank. 

Spoil BanTc and Spoil to be thrown with an interior 

slope of 1 in 1. Exterior to be sloped off like a glacis, and to be 
planted with trees. Mr. Kelly strongly advocates establishment of 
plantations on both banks of still w'ater channels, along their whole 
lengths, as tending to check their obstruction by drift of sand, dust «fcc 
The proposal is a most excellent one, and is strongly recommended for 
adoption, where the value of laud that would be occupied by them is not 
exceptionally high. 

EmbarJcmentt and PuUling in Sandg Soil.—A]\ embankmenta to be 
formed and rammed in thin layers. Where the channel runs through 
porous sandy soil, bed and banks to be covered with a thin coating of 
puddle. This might be effected more cheaply aftorthe opening of channel 
by boating pulverised clay to the requisite-points and strewing it over the 
surface of the wacer. 
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G3. Watermy and lUadway of JBrMfyM.— Waterway of bridges 
10 X 6 feet ; clear headway for boate, 16 x 10 feet ; clear headway for 
towing-path on each side, 6X6 feet ; X 4^ feet (height) being 
required for passage of a pair of yoked bullocks. Section of bridge to be 
as shown in Fig, 1, Plate IV. 

Loclcs . — Lock chambers to be 100 feet by 16 feet in the clear, 
and to be on general plan given with the Bubatitution of a second 
lock chamber for the side chamber constructed in the Ganges Canal 
Jocks. 

Stops Dams. — Channel to be divided by stop dams into reaches of two, 
or at the outside, three miles in length, so as to isolate a breach or any 
point where drainage may have broken in ; also to enable any portion to 
be laid dry in case of repairs being required. These stop dams to be 
formed of 2 pairs of lock gates, shutting in opposite directions. Such a 
dam to be constructed also at junction with main canal to keep out silt, 
and guard against fluctuations of level. 

Under Sluices. — Each reach of the channel be ween any two stop dams 
to be provided with an escape outlet, by which it may be wholly emptied 
of water, for clearance or repairs if necessary. 

Waste Weirs. — Also With a waste weir, to provide for discharge of any 
drainage that may accidently 'find its way into the channel. 

Drainage — Arrangements to be made, however, for diverting, or pass- 
ing under the chaunel, all drainage that may intersect the line. 

64. Channel with Elow or 2*5 feet per Second. — Where pos- 
sible, however, the navigation channels to be designed so as to secure a 
velocity in them 2^ feet per second. 

Section of earthen channel to he ashefore. — Then assuming section given 
above, as minimum allowable (for reasons given), we have — Discharge of 
channel = A X V = (32-5 X 5) X 2'5 = 406 25 cubic feet per 

Becond,S=— = 1206 R = 1296 X 3 8 = 4924-8, giving a 

fall of 13 inches per mile, very nearly. 

Waterway and Headway of Bridges. — 16 feet long by 10 feet clear 
headway, to be allowed for boats ; with a couple of towing-paths, clear 
headway of each 6 feet X 5 feet. Fig. 2. 

Towing-path^. — Towing-paths to be us laid down above for still water 
channels. 



Lochs — Locks to be double, iwth a chamber iu centre, similar to the 
Bide chamber in Ganges Canal Locks. 

65. Points off departure from, and junction with, ]\Iain Channel . — 
Channel to be provided with regulating chambers, in form of locks, w ith 
level floorings, at points of departure from, and junction with, main chan- 
nel. The surface level of canal is liable to fluctuations within the limits 
of 2i feet, and supposing surface level in navigation channel fixed about 
one foot above level of minimum supply which is exceptional, and short 
in duration) the navigation cliannel would during periods of minimum 
supply be discharging 282 feet per second, with a depth of 4 feet, and a 
mean velocity of 2} feet per second. But wdien the canal supply was 
at its highest, the navigation channel would be discharging 877 cubic 
feet, with a depth of 6^ feet and a mean velocity of 2^ feet per second. 


This increase iu depth would be very wconvenient. perhaps dangerous, 
and it would add considerably to the expense of bridges and earthwork 
along the whole line of navigation channel, to provide properly for it. 
Again, the surface level of the navigation channel, at point of junction 
with canal, must be fixed on the level of full supply in the latter, other- 
wise a rise in the main channel would throw a back w’ater up the Da\i- 
gation channel to an extent proportionate to its height, and silting up 
at the junction would inevitably follow the checking of velocity. Kc- 
gulating chambers, at the bead and tail of navigation chauiiels, beern 
therefore absolutely necessary. 

These chambers might be made, as suggested before, in the form of a 

^ o lock chamber, 100 feet 

i f — ! cbannel-i^^g 

.uitb n. can,^ 

I ; D — ci 1. ./-ijd, (J, + J (ii). navigation cut, 

r -■ D = 40(;2:. Cj=ucL'8. , , “ ’ 

i ? d, = 0W.d, = i-0. with a low supply, or 

average supply, in the 
canal both gates of the 
chamber would be kept 




^ = 24 feet, Mry nearly. 


open. When the supply in the main channel rose to an inconvenient 
height, both gates would be closed, and the navigation cut w ould then 
be fed through a side inlet. 

The flooring of this inlet would be built about a foot above the canal 
bed, BO as to keep out the water most highly charged with silt, it 
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would have to consist of about four bays of 6 feet width each, the bays 
being closed by sleepers dropped into grooves as occasion required; 
thus at the tail of navigation cut, when the water in canal fell so much 
below the full supply level as to cause an inconvenient increase of 
velocity in the channel, the lock gates would be closed and the velocity 
would be duly regulated by increasing or reducing the discharge through 
a side chamber. 



CHAPTER IV. 


FALLS— RAPIDS— LOCKS/ 



66. So long as the slope which we determine to give to the bed of 
our canal from the considerations above stated, is the same as the natural 
All of the country through which the canal h excavated, the level of its 
bed will of course remain at a uniform depth below the surface of the 
ground. But although this can generally be managed in the flat plains 
of these Doaba throughout the greater portion of their length, yet in the 
upper portion of the canal, the slope of the ground is very much greater 
than that which it would be proper to give to the canal bed, and peculiar 
arrangements have to be made 


to compensate for this difference 
of slope. The annexed diagram 
will show how this excess of fall 
has to be overcome ; viz., by 
laying out the canal bed in a series of steps, so as to deep it at a toler- 
ably uniform level below the surface of the country, until the flat coun- 
try is reached where the elope is the same as that proper for the canal. 

The points where the bed is let down from a higher to a lower step 
are called I'alls ; and their shape and construction are questions requir- 
ing much thought and consideration. Their location should evidently, 
from the diagram, be near the places where the canal bed, if continued 
without a break, would have to be carried in embankment above the 
surface of the country ; their exact position is generally made to coincide 
with the requirements of a bridge or some other masonry work, such as 
are described hereafter, for the sake of economy of construction, or on 
other grounds which need not be entered upon here. 

67. It is evident that the fall must be of some more durable material 
than earth to resist the action of the water over the step, and masonry is 




asufnuggur falls. gange:q canal. 
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therefore employed. The bed of the canal has also to be protected by a 
msLSonrj Sooring from the plunging action of the water, and banka muat 
also f)e revetted fora considerable diataaee below to prevent their being 
cut away. The exact shape of the fall itself is a point on which there is 
much difference of opinion. Ogee falls 
of this shape were employed by Sir P. 

Cautley, on the Ganges Canal, with the 
idea of delivering the water at the foot 
of the fall as quietly as possible. On 
the Baree Doab Canal vertical falls are 
used, the water being received at the 
bottom into a cistern sunk below the level of the flooring, whi^ thus foritn 
an elastic cushion, as it were to receive the shock inste&d of oj posing a 
dead resistance to its force; while 
the accelerated velocity of the fal- 
ling water in a forward direction is 
thus also checked. The action of 
the water is still further lessened 
by making it play over a wooden 
grating, by which it is divided into a number of filaments or threads, as 
if it were discharged through the teeth of a comb. 

68. Tlie very dangerous scouring and cutting action of a large body 
of water falling over a height of even a few feet can be readily under- 
stood. The greater the height of the falls and the depth of water, the 
more violent of course will be the action; those on the Ganges Canal are 
not higher than 8 feet, but with 6 feet or more of water going over, the 
action is most severe, and nothing but the very best masonry is capable 
of resisting it. If stone can be obtained, it should always be used ; if 
not, none but the hardest bricks must be employed, laid on an unyield- 
ing foundation with fine mortar joints; the banks must be revetted with 
masonry for a considerable distance down-stream, and the bed of the canal 
protected by a solid masonry flooring, the tail of which is defended by a 
row of sheet piling. The fall should be divided iuto distinct chambers, 
which can be laid dry one by one for the sake of repairs without stop- 
ping the canal. On the Ganges Canal the masonry flooring is continued 
to the end of the chamber, beyond which, crib-work of dry boulders is 
employed as far as the end of the revetment walls. 
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The revetment walls on this canal were inclined slightly inwards and 
terminated by curved walls (see Plate), with a view of holding up the 
ws^f on the iooring, and thus saving the latter from the ejects of an/ 
scour. But the result has been, serious cutting of the banks below the 
curved ends, and the curved walls are now being removed in conse- 
quence. On the Belra Falla on this canal, the revetment walls were 
carried straight on instead of being inclined inwards, and then termina- 
ted by curves forming a basin ; and these have answered better, though 
it is said the soil is there much stronger. ^ 

69. ^ The following is a description of one of the Ogee* falls on the 
^l^islgea Canal, drawings of which are given in the Plate : — 
j;he fall consists of a bridge (of eight bays of 25 feet in width each), 
which crosses the canal on the upper levels ; to the tail of this bridge 
the ogees are attached, delivering the water into four chambers of 54*^ 
feet each in width, every alternate bridge-pier being prolonged on its 
down-stream face, so as to divide the space which is occupied by the 
lower floorings into four compartments ; in advance of the three dividing 
walls, which are carried to a distance of 84 feet from the down-stream 
face of the bridge, there is an open space of masonry flooring, which is 
protected by an advanced area of box-work, or heavy material filled into 
boxes or crates, and covered with sleepers,, so as to retain the material in 
position. Additional defences are given to these floorings by lines of 
sheet piling. The flanks of the chambers below the descent are protected 

* The curve of Che Ogee is thus described 


o 



6B = SAft 
2 

A1 = AB 

AC) Perpendicular 
D B ) to Flooring. 


Bisect A 1, and from the point of bisection at a 
draw n perjicndicular cutting the line A C at C. 

Join C I, prolonging the line until It cuts the 
line D B at D. 

From the points C and D ns centres draw the 
curves of the ogee. 



OGEE FALL-GANGES CANAi 
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by revetments, equal in height to the dividing walla. These flanks, in. 
stead of being in prolongation of the alignment of the bridge abut- 
ments, expand outwardly, gaining, on their arrival at tho tail of the 
masonry platform, an excess of 20 feet in width. At a distance of 37^ 
feet from this point, the flanks make a slight curve inwards, termina- 
ting (on an imaginary Jine drawn in prolongation of the pier next to 
the abutment) in maaaive projecting jetties. Between, and on the 
flanks of these two jetties, lines of piles, and other protective arrange- 
ments are distributed, so as to secure the safe passage of the water over 
the floorings, and to admit of the current escaping from the works with 
as little tendency to danger as possible. The depth to which the cur- 
tain or upper foundation wall is carried is equal to 20 feetjrtiKitrofThe 
tail, with the flank revetments and jetties, is also 20 feet. 

70. The result of experience seems to show that the vertical falls 
with gratings as used on the Baree Doab Canal, or the best that have 
yet been invented ; their construction will be understood by the inspec- 
tion of the Plate. 

The grating consists of a number of wooden bars resting on an iron 
shoe built into the crest of the fall, and on one or more cross beams, 
according to the length of the bars. These bars are laid at a slope of 
1 in 3, and are of such lengfh that the full supply level of the water in 
the canal tops their upper ends by half a foot. The scantling of the 
bars, as well as that of the beams, should of course be proportioned to 
the weight they have to bear, plus the extra accidental strains to which 
they are liable, from floating timber for instance, which may possibly 
pass between the piers and so come in contact with the grating. In 
consideration of strains and shocks of this nature the supporting beams 
are set with their line of depth at right angles to the bars instead of 
vertically. 

The dimensions of the bars used on falls of the Baree Doab Canal, 

^ where the depth of water is 6 6 feet, are as follows : — 

Deodar wood. 

Lower end of bars, 0'*50 broad x 0'’75 deep. 

Upper end of bars, 0'*25 broad X 0'*75 deep, 
and thev are supported on two deodar beams, each measuring 1 foot in 
breadth X 1‘5 foot in depth : the first beam being placed at a distance 
of 7’5 feet (horizontal measurement) from the crest of the fall, and the ' 



60 


eecond 7'5 feel beyond the first beam. The bars of the grating on these 
Palls were originally placed touching each other (side by side) at thei? 
lowCi- ends, as there was not then a full supply of water in the canal. 
There were thus 20 bars in each 10-foot bay. Since then the number 
of bars baa been aucceaaively reduced to 19 and to 18j the present nutn^ 
ber. The reduction of the number of bars and the equal spacing of the 
remaining bars is done with ease, as they can be pushed sideways in the 
iron shoe and along the beams, to which latter they are held with spike- 
nails. Once the correct spacing is arrived at, cleats and blocks are pre- , 
ferable to spike-nails. 

The bars are undercut from the point where they leave the shoe, i. e.y 
froin l^.o-^:r^‘st of the fall, so as to make each space as it were “an orifice 
in a thin plate,” and it facilitates the escape of small matters which may 
be brought down with the current. Large rubbish which accumulates 
on the grating is daily raked off’ and piled on one aide of the fall. This 
is done by the establishment kept up for the neighbouring lock. There 
is considerable advantage in thus clearing the canal of rubbish which 
would otherwise stick in rajbuha heads, on piers of bridges, &c., or even- 
tually ground on the bed of the canal and become nuclei of large lumps 
and silt banka. 

71. The effect of a fall occurring at the end of a canal reach, is to 
increase the velocity, and diminish the depth of the water for a consi- 
derable distance above the fall. The increase and diminution are gradual 
from the point where this action commences, down to the fall itself 
where, of course, they attain a maximum, so that the depth of water 
passing over the fall is very much less, as the velocity is very much 
greater, than the normal depth and velocity above. This increase of 
velocity before the water reaches the fall, produces a dangerous scour on 
the bed and banks of the canal, and in order to guard against this, it has 
been found necessary to head up the water at the falls on the Ganges 
Canal by means of sleepers dropped in the grooves of the piers, which 
has virtually increased the height of the fall, and has been one cause of 
the flooring sufi’ering in places from the violent action of the water. It 
has also been proposed to narrow the falls so as to produce the same 
effect. 

72. The method most commonly adopted, however, is to raise the 
crest of the falls by a masonry weir ; and the height to which it is necea- 






,^ 1^11 by Colonel Dyas: — 

Discharge over Fall (complete) :=^ ml {h = ml 



and discharge in an open channel = A » 


In which equations — 

A = Sectional area of open channel. 
d = Hydraulic mean depth of same. » 

8 = Length of slope to fall of one in same. 

V = Mean velocity of current in same. 

Ji = Height of surface of water in same, above crest of — 

I = Length of crest of fall. 

fw = A co-efficient determined by experiment, varying from 2-5 
to 3*5. 

« = A co-efficient determined by experiments, Varying from 75 to 95, 
The discharge in the open channel and that over the Fall are identical, 
hence we have — 


from which we get — * 

7 12 Agns •J2dg Qlghn + tdd) 

“ m {2ghs -f- tddy 


and if we put g = 32 19083, = 3, and n = 90, we shall have 


•02133 Aa ^t/(008/t.s' + rf) 

' '( U 08 ir+ dy 



if 171, and n, are as before 

/9()0AV\1 d 

h= (- 7 : 7 -) - 125*8122 -j. 

Having thus got the value of deduct it from the depth of water in 
the channel, and we have the height to which the weir should be raised 
above the true bed of the canal. 

73. Where gratings are used, these act instead of a weir in check- 
ing the velocity of the water above the falls, and the principle to be 
adopted in spacing the bars is to arrange them so that the velocity of no 
one thread of the stream shall be either accelerated or retarded by the 
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proximity of the (Sail. This effected, it is evident that the surfsOB |if 
the water must remain at its normal slope, parallel to the bed of the., 
canal, until it arrives at the grating. 

To take an example, let us assume that V (mean velocity) = 0 81 v 
(surface velocity), and TJ (bottom Telocity) = 0 62 r (surface velocity in 
ever/ vertical line of the current Bowing natarally. Then, if we make 
V = 2*5 feet per second, we shall have the following velocitieB at the 
given depths below surface in a stream 6 feet deep. 

Velocities 
(feet per tecoiid). 


30864 
2 8001) 

2 0055 
2 5000 
2 3046 
2 1001 
10136 

What is required, then, is to shape the sides of a given number of 
bars placed in a given width of bay, so that the above velocities may be 
maintained till the water touches the grating, when, in consequence of the 
clearfall, the velocity becomes considerably accelerated. This accelerated 
velocity multiplied by the reduced area (of space betw een the bars) should 
give the saiiic i discharge, with the canal running full, as the product of 
the original normal velocity and the original undiminished space, the width 
of which is, of course, the distance, between the centres of tw o contiguous 
bars. 

Tlius, taking the lowest film (along the bed of the canal) whose nor- 
mal velocity is 1*9136 foot per second, and supposing 20 to be the 
number of bars in each 10-ioot bay, then the undiminished space for each 
portion of the stream will be half a foot, which multiplied by the above 
velocity gives a product of 0*9568. Again, taking the same low^est film 
as it passes through the grating, with a clear fall, and under a head of 
pressure of 6 feet, we find its velocity to be 19 654 feet per second. Now, 
if we call the required width of space between the bars at this point and 
assume the co-efficient of contraction to be 0*6, we shall have Xa = 

0 »568 « ^ . 

19:654 X 06 — 


Depths below burface. 


Surface, 


Bottom, 6 



Common difference 0‘1955, 
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v 

Sil&ilary, taking the film on the level of the tops of the bara, or 0 5 
below the surface of the water, the normal velocity of which is 2*9887, 
tb^ndimioished space being, as before, 0*5 foot, we get a product of 
1*4944 ; and as the velocity of the film falling through the bars is 5-673 
feet per second, we get 

uU7li X Ob 

And, lastly, taking the central film, the normal velocity of which is 
2 5 feet per second, we have a product of /•25, and as the velocity of the 
same film^passing through the grating is 13 89 feet per second, we get 


13 80 X oc 


= 0*15 foot. 


Hence it is seen that the sides of the bars should be cut to a curve 



convex towards the open space ; but in practice this nicety is scarcely 
requisite, and they may be made thus — 



74. The above remarks have been limited to a consideration of the 
effect caused by the grating on the channel alove the fall. Its effect on 
the channel below the fall is equally important ; for the present it may 
suffice to remark that the formula in use on the Baree Doab’ Canal for 
the depth below- the lower bed of the channel is 
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* = V A ^ d 

in which emj^irical equation, 

Xf is the required depth of cistern, 

hf the height of fall, or the difference of level between the sur- 
face of water above the fall and the surface of the water 
below it, and the full supply depth of water in the channel. 

All the cisterns with depths thus obtained have answered admirably, 
having never required the slightest repair since they were built. 

75. Instead of falls, and to accomplish the necessary change of level, 
Hapids have been employed with success on the Baree Doab Canal, i. e,, 
the fall IS laid out on a long slope (15 to 1) instead of by a single drop; 

paved with boulders, laid with or without cement, and con- 
fined by walls of masonry in cement, at intervals of 40 feet bothrlongitu- 
dinally and across stream. The longer the slope, the more gentle is, 
of course, the action of the water ; but the greater, also, is the quantity 
of masonry employed. In general, the choice between the two is a 
mere question of expense and material available. On the above canal, 
rapids were adopted wherever boulders were procurable at moderate 
cost. 

.y Boulders are the proper material for the flooring of a rapid, and brick- 
work should not be used in contact with currents with such high veloci- 
ties. Even the very best cannot stand the wear and tear for any length 
of time, and stone should be used for all surfaces iu contact with 
velocities exceeding (say) 10 feet per second. 

The boulders used should generally be grouted in with good hydraulic 
mortar and small pebbles or shingle. Dry boulder work is not to be de- ' 
pended on for velocities higher than 15 feet per second, even when they 
weigh as much as one maund each, and are laid at a slope of 1 in 15. 
There should be no attempt made to bring the surface of the boulder 
work up smooth, by filling in the spaces a a a. All that is necessary is to 
lay the boulders and to pack them so that their tops are pretty well in 
I a, fz. a a tt c line as b c; any further filling in would stand a 
good chance of being washed out very soon, and 
if it remained, its effect would be to increase the 
velocity of the current on the rapid by diminishing the resistance pre- 
sented to the water by the rough boulder work. 

76. The Baree Doab Canal liapidshave tail walls of peculiar construe- 
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tion for the purpose of destroying back eddies, and of protecting the 
Canal banks below the rapid from the direct action of the current. 
These tail walls are intended to be so arranged that the heaviest action 
of water at the foot of the rapid shall take place in the widest part, and 
they incline towards each other from this point bo as to direct the set 
of the stream well to the centre of the canal, thus protecting the banka 
from the direct action of the current for a considerable distance. At 
the same time, as may be seen from the longitudinal section, the tail 
walls are not kept at their full height throughout, but beginning (a 
little below the point where the curve ends) at the level of full supply 
only, they gradually become lower and lower (slope 1 in 20) till they 
vanish altogether, where they are on the same level as ibe hod of the 
canal. The triangular spaces behind the tail walls in plan are filled in 
with boulders (dry) to the level of the top of the sloping tail wall ; when 
the full supply is running, these tail walls are submerged and invisible, 
the rapid appearing to end just below the end of the curve. 

In case no such tail walla are given, the banks should be faced with boul- 
der work, Jamah or piling, for a length on each side, of (say) 300 feet below 
the rapid. Some such protection will always be necessary for the banks. 

77. The maximum j^elocity of current which a boulder rapid will 
stand without injury cannot be exactly determined. But experience has 
proved that a boulder rapid with a flooring composed of boulders not 
less than one maund in weight each, well packed on end, and at a slope 
of 1 in 15, will not stand a mean velocity of 17*4 feet per second. 

78. It is clear that navigation must be interrupted by Palls, and 
Locks are therefore necessary for the passage of boats, up or down, the 
action of which may be understood by an inspection of the Plate. Sup- 
pose that a boat has to pass from the upper to the lower level, the upper 
gate being closed, and the lock chamber being empty. The lower gate 
is first closed, the sluices of the upper gate are raised by which the lock 
•chamber is filled with water ; the upper gate itself is then opened and 
the boat passes into the lock chamber when the upper gate is again shut. 
The lower gate sluices are then opened, by which the water in the 
chamber flows into the lower level, the boat sinking with it ; the lower 
gate itself is then opened and the boat passes out. The process has, of 
course, to be reversed if the boat has to ascend from the lower to the 
higher level. 
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The locks may either be arranged on one side of the main channel in a 
bay adjoining the falls, or a separate navigable channel may be provided 
round the falls with the lock arranged at any convenient point on its 
course. This has been done on the Ganges Canal, but it is an expensive 
arrangement, and the small channels have been troublesome from their 
silting up and from the growth of weeds in their beds. The only ad- 
vantage of the arrangement is that it obviates the risk of boats being 
carried over the falls ; but with proper precautions, such as a floating 
boom across the main channel above the bays of the falls, this dangehr 
can easily be prevented. 

The size of the lock chambers depends on the sort of boats used and 
the amount cf, traffic. On the Ganges Canal they are 100 X 16 feet. 

If the traffic is heavy, a double set of locks may be required ; for the 
up and down traffic to be worked together. 

79. Mills for grinding corn, &c., may be advantageously established 
wherever there are falls on the canal, particularly if in the neighbour- 
hood of a town or large village. A separate channel may be cut for the 
mill-race, joining the main canal again below the fall. The following is 
a description of the IBun-chukhee^ or native corn mill, in general use on 
the canals in Upper India : — 

A horizontal water- -wheel -with floats placed ohliqucly, so as to receive a stream of 
water from a shoot or funnel, the said float-boards being fixed in a veitieal axle jiass- 
ing through the lower mill-stone, and held to the upjicr one by a short non bar at 
right angles, causing it to revohe with the watcr-nlieel , — the axle itself IniMiig a 
pivot working on a piece of the haidest stone that can be piocuied fioni the shingle 
near at hand : — this^\itha thatched roof over it, and the exi)ense and trouble of 
digging a cut so as to take advantage of a fall of water, — are the only ai tides requir- 
ed in this very simple mill. The plan is so obvioush good, not only foi the means 
gained, but also from the simplicity, rendering the whole almost independent of repair, 
and so intelligible in its parts as to come within the eoinpiehensiori of the simplest 
understanding, that it has been adopted generally in all the canals in the Delhi dis- 
trict, as well as in those of the Boal). 

On reference to the accompanying Plate, it will he seen that there is only one mo- 
tion, and that supposing the materials arc good, the permanency of the machinery' 
depends entirely on the lower pivot. It will also be evident that there is not a part 
of the whole machinery that could not be repaired and put in perfect order by tho 
commonest village workman, a matter of imjioitanec in the absence of meehanical skill 
and practised workmen. Whereas in the plainest undershot wheel af)})lied to a mill 
for grinding corn, there arc no less than three wheels of different descriptions ; tho 
change of vertical to horizontal motion ; — and three pivots to keep in order, with a 
friction, even under the mqst skilful management, tending constantly to disarrange 





( as used in Upper India.) 
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the parts, and render the accompaniments of a forge and blacksmith’s shop absolutely 
necessary to keep the mill in order. 

On the canals it has been found worth while to construct permanent buildings for 
these corn-mills, and althouj^h keeping most strictly to the onginal simplicity ol the 
machinery, they arc set up with greater care, and means are given for icgulatiiig the 
motion, &c., which renders the whole as perfect as it can well be. 

It would appear that a fall of Avatcr (that is to say, the difference of level between 
the surface of the head supply and the float-boards of the water-wheel), equal to three 
feet, is the minimum in which this species of machinery can be used with any good 
effect ; and it has been found that with a fall of ^thrcc feet, the dimensions of the 
shoot or funnel require an addition in width, to obtain that by weight of water, 
w^hich the smallness of the fall will not give by velocity alone, and in the dimensions 
of shoot given to those of a higher class. 

80. The following are the particulars of mills on the Eastern Jumna Canal, 
divided into three classes from the depth of the fall ; the width Qi,«hobl; on the sill 
or waste-board being 12 inches, and the discharge per second averaging G o cubic 
feet ; the diameter of niill-stones 27 inches, and thickness 12 inches ; — the corn 


being ground into atta or 

coarse flour. 

Fall of 

Alfa 

Class. 

watei . 

it. in. 

ground per hour. 
md. Bccrs. 

No. 1 

7 6 

1 

26 

2 

5 6 

1 

5 

3 

3 G 

0 

17 


The common mills used in the Jumna and mountain-streams, arc said to^grind 
from 6 to 7 maunds of atta per, day, or in 24 hours ; the machinery being of the 
rudest description, the suiijtly of water very small, and a great part of that escaping 
through the shoot bctorc it touches the watcr-whccl. 

The return to Govcinment on the mills is obtained generally by farming them out 
to contractors for fixed periods, who pay so much jicr day as long as a supply of w'atcr 
equal to that entered in the contract is provided, icgiilated by the dej'th of water on 
the Bill or ivastc-board ; this return of course varies not only from the poweis of the 
mill, but also from their position relatively to populous towns and cantonments. 

The stones used on the canals aic chiefly those fioni the quarries near Agra, Rup- 
bas and Eatihpur Sikri, a coursc-graincd sandstone, which requires the chisel every 
second day — there aic thice sizes used — 

First size, diameter 3G inches, depth 12. 

Second „ „ oO „ „ 

Third „ „ 27 „ 

The tw’o latter are in most general use Stones of the usual quality last for about 
two or three } cars, that is to say, at the end of that pciiod, a new upper stone is pro- 
vided, and the old one placed below. 



CHAPTER V 


DEADTAGE WORKS— AQUEDUCTS— INLETS— DAMS— 
SUFEBPASSABUS. 1 

81, We now come to the very important class of works by which 
the canal is carried over the various obstacles to be met with in its 
course. ^ 

The great expense and intricacy of the works in the upper portion 
of most canals in Northern India, is owing to the number of drainage 
lines running from the hills, across which the canal has to be carried 
before it can be brought fairly out on to the general water-shed of the 
country. Of course, so far as it can be laid out, it is made parallel to 
these lines, and not perpendicular to them, but owing to their numerous 
ramifications, and to the oblique line at which the canal has to start, in 
order to get clear of the river before it can be carried on in a parallel 
direction, it always happens that many of these drainage channels have 
to be crossed ; and as many of them are swollen to formidable torrents 
in the rains, and all of them are troublesome, the fall of their beds be- 
ing great, and their course often very shifting, it becomes a matter of 
considerable consequence how to provide for them. 

82. Much may be done by diversion, i, e., by altering their course 
BO as to make them run clear of the canal. A very instructive example 
in this way was the Chukkee torrent on the Baree Doab Canal, for the 
passage of which costly works were originally designed. The Chukkee, 
at the time of the commencement of the canal works, had two outlets ; 
just above the crossing point of the canal, the main channel divided ; 
one, the larger branch running into the Beas, the other into the Eavee. 
This latter was embanked across at the bifurcation, by boulder dams 
and spurs of the same material, protected at the extremity by masonry 
revetments. By these means, the whole of the water was forced to 
flow into the Beas, and the expense of the works for the canal- cross- 
ing saved. 
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If, however, the torrent cannot be diverted, it will appear that there 
are three cases under which it may have to be crossed. 1st, When it 
is on a lower level than the canal ; 2nd, When on the same level ; 3rd, 
When it is on a higher level. 

83. In the^rs^ case when the torrent or drainage line is on a lower 
level, the canal is carried over it on an Aqueduct. The valley drained 
by the torrent will be embanked across in the usual way, care being 
taken that sufBeient water-way is provide^ under the aqueduct for the 
torrent to pass when in food. Now, an aqueduct only differs from a 
bridge in having to carry a water channel over it instead of a road 
or railway. The bridge part may be made of wood, iron or masonry. 
The channel must be water-tight and strong enough to rw/ the water, 
of course. Sometimes an iron trough is used, but for large aqueducts, 
a masonry channel is usually employed, supported on arches, resting 
on piers and abutments like an ordinary bridge. 

84. The most celebrated instance of this class of works is the Solani 
Aqueduct on the Ganges Canal. 

This work, by which the canal is carried across the valley of the Solani river, con- 
sists of an earthen embankment or platform, raised to an average height of sixteen 
and a half feet above the county, having a base of 350 feet in width, and a breadth 
at top of 290 feet. On this platform, the banks of the canal arc formed, 30 feet in 
width at top, and 12 feet in depth. These hanks are protected from the action of the 
water by lines of masonry retaining walls formed in steps extending along their entire 
length, or for nearly two and a quarter miles north of the Solani. 

The river itself is crossed by a masonry aqueduct, which is not merely the largest 
work of the kind in India, but one of the most remarkable for its dimensions in the 
world. The total length of the Solani aqueduct is 920 feet. Its clear water-way is 
760 feet, in fifteen arches of 50 feet span, each. The breadth of each arch is 192 feet. 
Its thickness is 6 feet ; its form is that of a segment of a circle, with a rise of 8 feet. 
The piers rest upon blocks of masonry, sunk 20 feet deep in the bed of the river, being 
cubes of 20 feet side, pierced with four W'clls each, and undersunk in the usual manner. 
These foundations, throughout the whole structure, are secured by every device that 
knowledge or experience could suggest ; and the quantity of masonry sunk beneath 
the surface is scarcely less than that visible above it. The piers are 10 feet thick at 
the springing of the arches, and 12^ feet in height. The total height of the structure 
above the valley of the river is 38 feet It is not, therefore, an imposing work when 
viewed from below, in consequence of this deficiency of elevation : but when viewed 
from above, and when its immense breadth is observed, with its line of mosoniy 
channel, nearly three miles in length, the effect is most striking. 

The water-way of the canal is formed in two separate channels, each 85 feet in 

width i the side-walls are 8 feet thick and 12 feet deepf the depth of water at fall 
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supply level being 10 feet. A continuation of the earthen aqueduct, about three 
quarters of a mile in length, connects the masonry work with the high bank at 
Roorkee, and brings the canal to the termination of the difficult portion of its course. 

85. The second case is where the torrent is crossed on the same 
level. It may be a small drainage channel only occasionally filled, or 
at least never bringing down but a small body of water. In that case 
it simply becomes an and is provided for by an arched opening 
through the embankment, by which the water can be passed into the 
canal. In this way all mere^ surface drainage is provided for at various 
convenient points, though, as the course of the canal, when once clear 
of the difficult ground above, lies close to the watershed of the country, 
the arnouE*^ of intercepted drainage is small. 

But if the torrent is of large dimensions and bringing down a great 
volume of water at a high velocity, the above method will not answer; 
the water, loaded with silt, would choke up the canal bed, and its force 
would destroy the embankments and do irretrievable damage. More 
elaborate arrangements have therefore to be made, the nature of which 
will, however, easily be understood from the following diagram. 

B is a regulating bridge across the canal channel provided with the 
usual sluice gates. A is a dam across the chan- 
nel of the torrent provided with flood gates. 
Under ordinary circumstances, A is closed and 
B is open, so that the canal water flows along as 
usual. But, when the torrent is in flood, then 
^m'ust Be closed, so that the flood- 

water may cross the canal, and run down its 
own channel. The bed of the torrent below the 
I I dam must be paved for a certain length to pre- 

vent erosion, and the sides of canal and torrent have to be revetted 
for a considerable length to prevent their being cut away by the water. 

86. The finest example of these works is at Dhnnowrie, on the 
Ganges Canal, where the Eutmoo torrent is passed. 

The dam itself consists of 47 sluices of 10 feet in width, with their sills flush with 
the canal bed, separated by piers of 3^ feet. The above are flanked on each side by 
five overfalls of the same width, having their sills raised to a height of 6 feet, with 
intermediate piers of the same dimensions as those in the centre sluices. On the 
extreme are platforms raised to a height of 10 feet above the canal bed, and 
comsponding in height with the rest of the piers. These elevated platforms, which 
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are 17 foet in lengtli, are ronncctcd \uth the revetment esplanade by inclined planes 
ot masnary earned through the flanks of the dam. 



The amount of waterway, therefore, through the sluices, up to a height of 6 fe®t 
is equal to 470 feet in \M(lth ; to a height ot fioin (i to 10 feet, it is iiK’teased to 570 
feet, and nhen flood watei uses above that height, the water passes over the full 
cx])ansc of the masonry, nliKh is eciual in width to 800 feet. 

For the ten sluices on tlie flanks, the dosing and opening is effected by sleeper _ 
planks for which grooves are fitted to the pieis Foi the centre openings, drop gates 
are jiroiided, which are retained in their n]»riglit position by chains against the 
pressure of the canal uatcr fioni the inside, and wliicli, on the occuncnce of a flood, 
can be dropjied down on tlie flooring by icleasing a catch, and allow the flood w'ater 
to ])ass tlirough the openings. When the flood is o^cr, the gates are raised upright 
by a movable windlass, tbc pressure of the water being temporarily taken off by 
dropping ])lanks into the grooAcs. 

On the dovvn-strcnni side of the dam, a platform of box-work, filled with river-stone 
extends to a width of 4:bJ feet from the masonry flooring , this is held in position by 
double lines of 20-feet piling, strongly clamped together by sleepers fastened on to 
the upper surface, the slope of which is 2^ feet on an incline down-stream. 

The legnlating bridge has ten w'atcr-ways each 20 feet broad, and provided with 
gates to prevent any flood-waiter passing dowm the canal. In addition to this, there ia 
a roadw'ay bridge, and about a mile of revetment w'alls, all resting on blocks of brick 
masonry, sunk to a depth of 20 feet below the canal bed. The whole of this work is 
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protected by a forest of piles, and an enormons nnmber of bottomless boxes filled with 
bonldera. 

By a doable tunnel, upwards of 500 feet long, the river, when not in flood, flows 
WflJer the canal. 

87* The patent objection to this kind of work is that it requires a 
permanent establishment of men on the spot to work it, and that, if they 
are careless or neglectful, a sudden flood may do serious damage. On 
this account level crossings are to be avoided whenever it is possible. 

88. The third case is where the torrent crosses on a higher level ; 
when it has to be carried over on an aqueduct, generally called, in that 
case, a Superpassage^ to distinguish it from the first case where the canal 
£owa over, the torrent This, of course, becomes a very expensive and 
troublesome work, as a large water cbannel has to be provided to carry^. - 
any extraordinary flood over the canal in safety, and sufiicient head- 
way must be allowed under the auperpassage so as not to interrupt the 
navigation; for this purpose the canal water can he dropped to the 
required level by a masonry fall, a lock being provided for navigation 
purposes. The torrent will probably require constant watching to 
prevent its shifting its course and attacking the canal bank. 

It poBsessea, however, the great advantage of keeping the canal com- 
pletely free from any influx of flood- water from the torrent, which is 
always more or less heavily charged with silt. It has the additional 
^commendation of not requiring the maintenance of a large establish- 
ment every rainy season, as in the case of a level crossing, where the 
regulating apparatus must be worked by manual labor ; and lastly, the 
canal supply can thus be kept up uninterruptedly, there being no neces- 
sity to shut it off at the crossing to keep the silt laden flood water out 
of the cbannel below. These recommendations apply equally to passage 
by “aqueduct,” and render them both generally preferable to a dam 
when the levels will admit of the substitution. 

89. There are two fine examples of superpassages in the Northern 
Division of the G-anges Canal, by which the Puttree and Eanipore tor- 
rents are crossed. These have a clear water-way between the parapets 
of 2 and 300 feet, respectively, and when the torrents are not in floadi 
they are used as bridges of communication. 

I have preferred, however, to give a detailed description of the See- 
flooan Superpassage, as designed by Major Crofton for the Sutlej Canal. 
Tilkiog the catchment basin of the Scesooan to be 8 miles in length by 3 miles in 
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width, we obtain on area of 24 square miles, which would give a maximum rain-fall 
to be carried off of 7,752 cubic feet per second, agreeing very closely with the dis- 
charge calculated from the area of the section at the canal crossing, with the velocity 
due to a declivity of 1 in 704 ; to pass of this discharge, a water-waj of 150 feet wide 
by 6.^ feet in depth, on the above declivity will be required. 

The difference of level between the beds of the canal and the torrent is 21'93 feet, 


which is thus disposed of : — 

Depth of water in canal, .. .. .. ,, 7-00 

Headway up to soffit of arch, .. .. lO'OO 

Thickness of arch, .. .. .. .. .. .. 3*00 

Brick-on-edge flooring, .. .. •• .. .. .. .. 1*93 


Total, . . 21-93 

The canal channel will be spanned by three central arches of 45 feet span each, 
and two at the sides of 32 feet each ; tow-paths, 74 feet wide in the clear, will be car- 
ried under each side arch, leaving an aggregate water-way of 184 feet. The mean 
water-way of the canal channel is only 177 feet ; the addition is made in this work, in 
consideration of the impossibility of increasing its dimensions should the canal be 
required to carry a larger supply hereafter. The water-way for the torrent above, is 
projected in one channel 150 feet wide at bottom, with side walls (head walls of the 
M^ork) 10 feet in height, 5 feet thick at the base, 4 feet at top ; the flooring over the 
arches will be formed of asphalte or some substance impervious to water, the upper 
surface being covered with some hard material, probably a layer of kunkur slabs ; the 
backing of the abutments w-ill be of puddled clay covered with a flooring of kunkur, 
slag or boulders, packed in cribs. 



CHAPTER VI. 


HEADWORKS— DAMS— REGULATORS. 

90. It remains to describe the works which are required for admit- 
tingand controJUng the Bupp]y of water in the canal, and for distribu- 
ting^ it for the purposes of irrigation. 

The works at the bead consist essentially of a Dam across the river, 
by which the water is held up and checked in its onward flow, and a 
Regulator across the head of the canal channel, by which the proper 
quantity of water is admitted. 

In many cases, the canal is taken out of a branch of the main river,, 
and the permanent dam is thrown across the branch only, the water be- 
ing diverted from the main stream into the branch by temporary dams 
constructed of boulders, which are swept away on the rise of the river, 
and are annually replaced. This arrangemeB.t has chiefly been due to the 
very heavy expense which would be incurred in throwing a permanent 
dam across the main river itself, and perhaps, to a fear of meddling 
more than is absolutely necessary with the normal flow' of such rivers as 
the Ganges, Jumna, <S:c. 

91. But the disadvantages of the arrangement are very serious, as 
will be readily understood with a little explanation. The great rivers 
rising in the Himalayas are at their lowest during the months of Decem- 
ber, January and Eebruary. In March and April the increasing heat 
begins to melt the snow on the high ranges, and causes the river gradu- 
ally to swell and rise until the month of J une, when the periodical rains 
commence, and the river rises still more in June, July and August, in 
which last month it attains its maximum, falling rapidly in September, 
October and November. 

Now, the months in which the water is more especially valuable to the 
cultivator are Eebruary and March, when the spring crop is coming to 
maturity, and September and October, just before the same crop is sown, 



75 


i. e., at the two periods when the river is beginning to rise, and commenc- 
ing to fall. It is, therefore, essential that the temporary dams annually 
erected should be in position in September (if possible), and should be 
maintained until April ; and, in general, they are so ; but it not uncom- 
monly happens that a sudden freshet may breach or sweep away these 
dams before the river has permanently risen for the season, and when it is 
too late to replace them. And, it is always difficult to get the dams built 
early in the autumn, partly from the uncertain state of the river which is 
very liable to freshets, and partly from its being the most sickly season of 
the year for workmen. 

In each case, the valuable rubbee crops suiTers, while of course, the 
annual expense of replacing and repairing these dams is aiao very great. 
It is more than probable, therefore, that before long, permanent works 
will be constructed at the heads of all great canals, so as to have the 
main stream of the river completely under control, and, not merely the 
branch from which the canal supply is drawn. 

92. Dams are either made solid, when they are called Weirs (in 
Madras, Anicuts is the local term), or they may be provided with open- 
ings as is generally the case in the Upper Provinces ; indeed the term 
dam is always understood to mean an open dam in Northern India, or 
one partly open and partly closed. 

The advantage of tlie Weir is that it is self-acting ^ requiring no estab- 
lishment to work it, and if properly made, ought to cost little for repair. 
It is also a stronger construction, better able to withstand shocks from 
floating timbers, &c. Its disadvantages are that its first cost is gene- 
rally greater* and that it causes a great accumulation of silt, boulders, 
&c., above it, and interferes, far more than an open dam, with the normal 
regimen of the river. It is possible that, in certain cases, this might 
result in forcing the whole or part of the river water to seek another 
channel, and the possibility of this should always be taken into account ; 
’but if the river has no other channel down which it could force its way, 
the accumulation of material above the weir would be an advantage rather 
than otherwise, as adding to its strength. The finest example of weirs are 
those erected on the Madras rivers, which will be described further on. 

. The advantage claimed for the open dam is that the interference with 

• Not always. The quantity of masonry in a weir is much greater than in an open dam, btil 
the quantity of fine, and therefore expensive work, is less. 
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the normal action of the river is reduced to a minimum, the stronp; scour 
obtained by opening its gates- effectually preventing any .‘H’cumulatiou of 
silt above; its first cost too is generally smaller than that of a woir. 

93. A Dam consists of a series of piers at regular intervals apart, 
on a masonry flooring carried right across and flush with the river bed, 
protected from erosive action by curtain walls of Masonry up and down- 
stream. 

The piers are grooved for the reception of sleepers or stout planks, by 
lowering or raising which the water passing down the river is kept under 
control. The intervals between the piers may be 6 to 10 feet, which is a 
manageable length for the sleepers. If the river is navigable at the 
head, one or two 20 feet openings fitted with gates must be provided to 
enable boats to pass. 

The flooring must be carried well into the banks of the river on both 
sides to prevent the ends of the dam being turned, and the banks and bed 
of the river will generally require to be artificially protected for some 
distance, above and below the dam, to stand the violent action of the 
water when the gates are partially closed. 

The two flanks of the dam for some length are generally built as weirs ; 
that is, instead of having piers and gates, the masonry is carried up solid 
to a certain height, so that when the water rwes above that height, it may 
flow over the top of it. The advantage of this arrangement is that it affords 
an escape for water in case of a sudden flood when the dam may be closed, 
while, when the water is low, they keep it in the centre of the river and 
away from the flanks, and thereby create a more prefect scour. 

94). When the river is subject to sudden and violent floods, damage 
might be done before the sleepers could be all raised, one by one ; it is 
better therefore to employ flood or drop-gates in such a case ; that is, 
gates which turn upon hinges in the piers at the level of the flooring and 
which when shut are held up by chains against the force of the water. 
In case of flood, the chains are loosened, the gates drop down, and the 
water flows over them. Should the intervals between the piers be over 
10 feet, there would be a difficulty in hauling the gates up again. 

A bridge of communication may be made between the piers of the dam 
if required. But as it is not desirable to have it obstructed with traffic, 
it may be merely a light foot bridge, or the intervals may be spanned 
temporarily with spare sleepers. 
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The dam and regulator are generally close together and connected by a 
line of ^e^etment wall. 

9^ TliO Bcgulator like the dam consists of grooved piers resting on 
a foundation carried across the canal bed. As floods are made to 
escape down the river, and are shut out from the canal, flood-gates will not 
be necessary for the regulator, and the water may be admitted and controlled 
either by planks alone, or as is usual, by a gate moving up and down in 
the grooves — on to which planks can be dropped when necessary, one by 
one. The gates are raised or lowered by*a windlass and chains ; the 
windlass may be movable, or one may be fixed between every two piers 
and worked by hand-spikes. 

The piers of the regulator are generally connected by arches so as to 
form a regular bridge of communication across the canal. 

The bed and banks must be defended by masonry as in the case of the 
dam, so as to be safe from the water’s action when the gates are open or 
only partially closed. 

The flooring of the regulator at the head of a canal is a convenient 
datum for all the canal levels. A water-gauge should be fixed on it at 
one of the piers, so that the amount of water passing into the canal may 
be accurately known. 

96. The following Is a description of the dam and regulating bridge 
at Myapore, the head of the Ganges Canal, shown in the annexed Plate; — 

The Dam, which is 517 feet between the flanks, is piciced in its centre by fifteen 
openings of 10 feet wide each ; the sills or floorings of each opening being raised 
feet from the zero line. These floorings are so constructed, that if necessary, they 
may be removed, and a flush water-way be obtained as low as zero. The piers between 
the above openings are 8 feet in height, so that the elevated flooring leaves the depth 
of sluice-gate equal to feet. The piers are fitted with grooves for the admission 
of sleeper or vane planks. 

The centrical sluices arc connected to the flanks by overfalls, rising in gradations 
of one foot on three scries ; the overfall nearest to the flank being raised 10 feet 
above the zero point.. The flank walls themselves are ISJ feet in height, exclusive of 
cornice and parapet, which rise 5 feet above them. The top of the overfalls on the 
right and left, as well as that of the piers, is flat ; the former 'being an esplanade 
varying from 7 to 10 feet in w’idth, W'hich, during dry weather, is connected by a tem- 
poraiy communication formed by planks thrown across the sluice openings. This 
esplanade is at each extremity terminated by a flight of steps, which gives access to 
Btore-rooms ; in which, when the dam is laid open, and the wood-work removed, the 
latter is lodged for security. The tw'o buildings for this purpose are situated on the 
flanks ; their floors are raised 20 J feet from the zero point, and their interiqr dimen- 
sions arc 30 feet in length by 16 feet in breadth. 
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TTie flank reTetmenta^ which are bniU on the right and left of the down-stream 
side of the dam, and between which the escape water has to pass, have been designed 
wifh an inclination inwards equal to 13 feet on a length of 80 feet. 

The transverse width of the dam platform is 44 feet, measuring from the np to 
the down-stream face of the work. Of this measurement 20 feet 1 1 inches are given 
to the tail, which delivers the water upon the natural bed of the river, consisting of 
large boulders and shingle. 

The revetment Avhich connects the right flank of the dam with the regulating 
bridge, is a plain wall equal in height to the dam flanks, and with a slope or batter 
of 2^ in 20 feet in height. This revetment, on its approach to within 50 feet of tlm 
bridge, terminates in a line of gh^s, or flight of steps, iviiich passes from the .nghcr 
levels to the bed of the canal. The up-stieam wing or flank of tln> flif^ht of steps cor- 
responds in form with that of the ivingof the bridge, witli Avhicli it lias a uniform curve. 

The Regulating Bridge has ten liaj's or ojicnings of 20 feet wide and 10 feet high; 
each bay being fitted with shutters and ajiparntus for either opening or closing it. 
The breadth of the platform on i\lnch the piers rest is 48 feet, exdiisne of the cut-^ 
waters, which proieet 4 feet beyond it. The roadway is 07 feet 0 inches wide betw-een 
the rear parapet and the u]i-stienm front windlasses ; it acts as the main line of com- 
munication between Hurdw’ar and Kunkliul. 

97. The design of Shutter for closing the regulators is different to that which 
has been practised on the Jumna canals ; it atfouK much greater facilities for work- 
ing, and secures cither the closing or the shutting of the bays in a much shorter period 
of time. 

On the Jumna regulators, a drop gate is used in a simple groove, and sleepers with 
a scantling of G inches square are dropped ujion the top of the gate Both time and 
labor are required to close or open the bays Avhen titled with apparatus of this sort, 
but it has always acted very cflicicntly ; and opi)o<!cd to the Jumna floods, has 
done its duty very well. On the Jumna canals, howoer, there was not the .same 
volume of water to contend against, nor the same number of bays to open and shut, 
that exist on the w'orks which we are now describing ; and it was necessary, with ten 
bays upon which the safety of the works depended, to dcMsc some quicker method 
than that which acted for three, and, if ])0ssiblc, to econoini/.e the labor re([Uired for 
using the apparatus. The following diagrams will show' in vertical section the 
method which is in use on the Jumna, and the improved method wdiich was adopted 
in the present case. 

1 . 2 . 



Ilg. 1, it will be observed, represents the groove and its cutwater opposed to the 
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up-stream current; a! represents a gate 6 feet in depth, which is kept suspended 
in dry bcasons and is dropped down on the expectation of flood; 6, 6, 6, show the 
sleepers or long bars of timber, which when the chains are removed from the gates, 
are successively dropped upon them until the bay is closed. The time that this taJkea 
is equal to eighteen minutes. 

Fig. 2 shows the improved design, gained by the use of two windlasses. The bay 
or opening, it w'ill be observed, is divided into three series, the more advanced one 
having its sill on the zero level ; the centrieal and rear ones having their sills elevat- 
ed in heights of C feet, retrograding towards the face of the bridge. The shutter 
maikcd No. 1 is dropped from a windlass on the bitt-head 1 ; that marked No. 2, 
from the bitt-head 2 ; that marked No. 3 consist^ of sleepers, which are raised and 
loAvcred without the aid of a windlass. The three gates, therefore, are quite inde- 
pendent of each other ; each has its own sill to rest upon ; and the whole can, if 
necessary, lie worked simultaneously. The gieat advantage of this method will 
be understood, by supposing that a supply of water not exceeding 6 feet in depth 
is required for canal ])urj)oscs. In this case, the whole of the shutters 2 and 3 may 
remain closed ; and when floods come on, the whole of the watcr-w'ay may be stopped 
by releasing one set of gates only. 

The machinery attac hed to these gates is of the most simple description, intelli- 
gible to the commonest laborer «)n the wot ks, and not liable to disarrangement. It 
consists of windlasses, which w oik in sockets embedded in wooden bitt-heads, with 
ratchet wheels and catches ; the windlasses being turned by hand-spikcs. The 
chains are on the bar principle, in lengths of 3 inches, with plain rivets ; and the 
shutters arc mere planks, strung uiioii iron rods, held at their lower ends by nuts, and 
terminating above by rings countersunk ictr fixing the chain upon. The wood used 
is sal {Shorea rohui>tu^, the staple timber of the Sewalik forests. 

• ^ 

93. The above description may be understood to apply to all regula- 
tors employed on the canal, as w ell as to the one at the bead. Thus there 
will be a double regulating head where each branch is taken off, one regu- 
lator being fixed across the head of the branch line to admit the necessary 
amount of water which the branch is calculated to hold, and the other be- 
ing built across the main chaunel at the same spot By the simultaneous 
working of the two it is evident that the water will be perfectly controlled. 

Eegulators of smaller size will also be required at the head of each 
Majhuha or principal water-course, where it is taken oflf from the main 
line for irrigating purposes. A single opening will generally be enough, 
and gates sliding up and down in the grooves of the abutments may be 
worked by a ratchet and lever, or a windlass with spokes. 

99. But in order to establish a complete control over the water in 
the canal channel, provision must be made for any excess which may arise 
from sudden rain floods or from the water not being always re(}uired for 
irrigation. This is effected by means of Escapes, which are short cuts 
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from the canal to a rirer or other natural water-course, ijito which the ex- 
cess. of water can be discharged. Escapes it has been well said, are to 
a canal what safety valves are to a steam engine. They should be pro- 
vided at certain intervals all the way down the line, and a double re- 
gulating head should be built at the point where the escape is taken off, 
as in tbe case of a branch canal. On the Ganges Canal they were 
projected at about every 40 miles, but much must depend on the con- 
venience with which they can be made, that is, on the proximity of the 
canal to the river or water-coUrse into w'hich the escape is to be con- i 
ducted. They should also, if possible be provided at all dangerous 
points, such as above a long line of heavy embankment, where, in case 
of the bank bursting, great damage would ensue. The cut should be 
made large enough, and with sufficient fall, to carry off the whole body . 
of water that can reach that poiut, so if necessary, the canal below the 
escape may be at any time laid dry for repairs, without stopping its 
running above — by opening the escape regulator and shutting down 
tbe corresponding one across the canal. By this means also that part 
of the canal above the escape may be opened when completed, while 
work on the lower portion cau proceed. 

100. The following is a description of the Khutowli Escape Head on 
the Ganges Canal, at the 62nd mile, the escape 'itself being an exca- 
vated channel 60 feet wide at the head and 3^ miles long : — 

The masonry head consists of 10 openings of G feet in width each, their height 
from flooring to the soffit of the arch being 8^ feet ; the flooring is raised 2 feet above 
the canal bed in gradations depending on the working of the gates and sleepers. The 
transverse widtli of the flooring is ctiual to C4 feet, 40 of which form the tail which 
is laid on a slope (including down-stream) of 1 foot from the level of the canal bed. 
The flanks of this work are protected by masonry revetments, and the usual guards 
of piling and rubble work, with which the floorings arc also covered and protected 
from the w^ear and tear of the current on its approach and departure, by box-work 
aprons. 

In consequence of the magnitude of the canal embankments at Khutowli, and the 
ekvation of their upper esplanade, which is 20.i feet above the canal bed, the appara- 
tus for opening and shutting the sluices has been covered by a line of building, tha 
roof of which corresponds with the higher levels, and, therefore, acts as a roadway 
without interrupting the communication on the bank. The supports for the wind- 
lasses, which consist of upright timbers placed in the form of a cross, act also as 
wpports to the roof, and give great additional strength to the building. It will 
bp seen by the plan, that the chains attached run over an upper roller, by which 
the whole water-way is relieved, by the gate being drawn up through the slit made 
u the flooring, and raised as high as the roof. 
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CHAPTER VII. 


RAJBUHAS— MEASUREMENT OF WATER— IRRIOATION 

DETAILS. 

101. Tke distribution of the water, it* has already been explained, 
is effected by means of JRajhuhas or distributary water-courses, which 
are small branch canals with a masonry regulator at the head, from 
which tlie cultivators make their own water-courses to their fields. On 
the older canals, irrigation was carried on from the main channel itself, 
the water-courses being constructed by the Zemindars ; but the incon- 
veniences arising from this practice were found to be so great, arising 
chiefly from waste of water, that the rajbuha system is now generally 
adopted. In this system we may, as Sir Proby Cautley remarks, consi- 
der the canal as answering to the Reservoir or supply channel in the 
water-supply of towns ; the rajbuhas or distributaries as the Mains, and 
the village water-courses as the Service channels. 

The rajbuhas are laid* out by the Canal Engineers, and are under 
their exclusive control for maintenance and repair ; on some of the 
canals they used to be the private property of the Zemindars, who either 
advanced the money for their construction, or repaid it to Government 
if (as was generally the case) it had been made with Government funds 
in the first instance. But it is in every way desirable that the rajbuhas 
should be considered as part of the first cost of the canal, even if a 
higher water-rate has to be charged to cover the expense of their con- 
struction. 

102. In order to deliver the water under the most favorable condi- 
tions, it is clear that irrigating channels must everywhere follow the 
water-sheds of the country drainage. The first step then is to as- 
certain how many features of this kind exist, their extent and relative 
situations. This knowledge can only he acquired from a careful survey 
of the country it is designed to irrigate, care being taken to delineate 
on the map the course of all rivers, nullahs and streams, and. the posi- 
tion of all hollows and jheels. To each watershed should then be as- 
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signed a separate channel of capacity apportioned to the duty it has to 
perform, the two bounding streams or nullahs being considered in this 
itystem as the limits to which irrigation from any single line should be 
carried. 

Having then traced out on the drainage survey map the general course 
of the proposed channels, it is necessary to run a series of cross levels 
in order to fix the exact position of the watershed. With the aid of 
the information thus obtained, the Engineer will be enabled, after a care- 
ful examination of ihe ground, to fix on the precise trace of the propos^ 
ed lines. 

103. For the more complete and efficient distribution of the water, 
branch lines (or minor distributaries), should be taken out from the 
main or principal channels where they may be most required ; but the 
Engineer should in a measure be guided by the nature of the ground auJ 
the character of the soil. As* in the case of larger works, he should 
endeavour to secure a command of level for the purpose of affording 
every facility for irrigation : he should avoid as far as possible crossing 
minor drainages or stumbling into hollows by which his object may in 
any measure be defeated : he should banish from his mind any idea he 
may entertain of the relative unimportance of this class of works ; for 
he may be assured that nothing tends so directly to an economical 
distribution of the water as a carefully constructed system of minor 
rajbuhas. 

Thus a principle is established which is susceptible of universal 
application, whether the works to be designed are of tlie greatest 
magnitude or of the smallest pretensions. Though sufficiently under- 
stood in the alignment of large canals, it has been too much ignored in 
the projection of minor channels, to which must in a great measure 
be attributed the difficulties that attend the distribution of the 'water. 

In the system advocated above, the capacity of an irrigating channel 
should everywhere be exactly apportioned to the duty it has to perform, 
the section decreasing as the line advances, until it loses itself in a small 
village water-course. A large margin should be allowed for further 
possible development of irrigation. 

104. Escapes will be required at every 8 or 10 miles, but they 
should only be resorted to on emergencies, it being preferable to reduce 
the supply by partially closing the gates at the head. 





A very important consideration which has been neglected with the 
most serious consequences is, that the natural drainage lines into which 
an escape debouches should be large enough to carry off at all seasons 
the water let suddenly into it without causing flooding. In the plains of 
Upper India, the “ nuddees” or natural drains are often narrow tortuous 
channels cultivated to their very edge in the cold weather, or right across 
their bed. This is just the season when the rajbuha escape is most 
needed, when sudden rain storms come on in the full tide of irrigation, 
and letting a sudden influx of water into these lines, has caused very seri- 
ous damage both in the Eastern Jumna and Ganges Canals. The result 
is that many rajbuha escapes constructed at s^me expense are now nemr 
used, and of seven large expensive ones constructed by Sir P. Cautley 
between Roorkee and Mynpooric on the Ganges Canal itself, only one is 
of the least use. 

105. Tlie level of the bed of the rajbuha should be fixed rather with 
reference to the full supply level of the canal than to the level of the canal 
bed, chiefly because it is an object to keep the rajbuha bed at a sufficient- 
ly high level to admit of surface irrigation on its whole line as far as 
possible. ]\Ioreover, the nearer from the surface that water is taken off 
by a rajbuha head, the less will be the silt which enters the rajbuha and 
the less the annual labor of clearing the bed. The bed of a rajbuha 
will, therefore, generally be from 1 to 3 feet higher than that of the main 
canal. 

The slope of a rajbuha bed ought to be as nearly as possible parallel to 
that of the district it traverses, in order to avoid costly and useless em- 
baukinents on the one hand, and to ensure on the other that the surface 
of the water shall always be above that of the country, an^ flush irrigation 
shall be possible. In most soils a velocity of 3 feet per second is not 
too great, or a slope of 2 feet per mile ; while in flatter country, rajbuhas 
are successfully worked with a slope of bed not more than 6 inches to 
.Jthe mile. 

If falls are rendered necessary by the profile of the country, they must 
be provided on the same principle as those on the main line, and it is 
even advantageous to have one at the point where one rajbuha tails into 
another, to get rid of back-water and prevent the accumulation of silt. 

lOG. When rajbuhas cross roads, the latter may either be pr'ovided 

with bridges or the former may be passed under the road by a Syphon 
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often with a great saving of expense. Flans are given of approved 
forms of syphons v^hich sufficiently explain themselves. 

107. Bajbuhas may be cleared of silt whenever the water is least 
required. One, or at the most two clearances a year are enough for a 
well designed rajbuha. The floorings of all bridges and other masonry 
works, built over them, will of course have been carefully laid down to 
the proper levels, and will give so many permanent bench-marks for 
restoring the correct level of the beds ; besides which, stakes or mason- 
ry bench-marks should be fixed at intervals, not exceeding a furlong. , 

108. The* greater the amount discharged by a rajbuha the smaller 
will be the proportion of cost of maintenance to the revenue derived. 
This is evident, when we consider that, cwferis parilus,^' a channel 
12 feet wide discharges more than double the volume delivered by two, 
each 6 feet wide, and consequently has more than twice their irrigating 
capacity, while the cost of patrolling and repairs to banks on the first 
will be just one-half that on the two last. The carrying powers of 
large volumes of water being also greater, the deposit of silt in the 12 
feet rajbuha will be more gradual than in the 6 feet channels, thus do- 
ing away with the necessity of frequent clearances. The actual amount 
of clearances during the year is also diminished, for a great portion of 
the silt which would be rapidly deposited at Iht head of a small line, is 
carried along and dropped into the -water-courses branching ofl’ from a 
large one. The labor of clearance is thus in some measure thrown on 
the cultivators, w’ho would have to pay for it in any case, hut by whom 
it is much more cheaply performed than by the Government w'orking 
parties. For the above reasons, Major Brownlow advocates the adop- 
tion of capacious heads for rajbuha channels, the limit of discharge being 
the ability to control the volume of water in case of a breach. 

109. Experience seems to prove that irrigation may be safely and 
most profitably carried on from channels 1 8 feet wide at bottom, with 
side slopes of 45®, depth of water being 3 Ho 4 feet, provided that the, 
bed be kept at least 2 feet below soil for the first ten miles of its course, 
and that no outlets be allowed in subsequent embanked portions of the 
line. On the Eastern Jumna canal during 1858-59 and 1859-60, the 
revenue from all rajbuhas of 12 feet bead water-way and upwards 

•Thie paragraph la taken from a Memorandum by Major Brownlow, E E., late Superintendent ot 
the Baatezn Jumna Canal. 
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amounted to rupees 1,29,618*76, while the expenditure on their main- 
tenance was rupees 16,088-05, or *123 of the revenue. The revenue 
from all rajbuhas hclow 12 feet water-way at the head was rupees 
2,67,049 83, and cost of maintenance, rupees 56,579*87, or *223 of the 
revenue, being very nearly double the proportion in the first case. 

110. The economy of water on the large channels is equally marked, 
for during the above-named two years, we find the revenue from 

7 rajbuhas of 12 ft. head water-way and upwards, Us. 1,29,618-70 
49 „ G „ „ „ 2,IG,432 86 

29 „ 3 „ „ „ „ 50,616-97 

giving an average revenue per annum of 

Rupees 9,258-48 from a rajhuha of 12 feet head water-way. 

„ 2,208 58 „ „ 6 „ 

B72-70 „ „ 3 „ 

Measurements made in 1855 gave 86, 32, and 22 cubic feet, as the 
relative discharges in cubic feet per second from 12 feet, 6 feet, and 3 
feet, lieads on this canal ; but subsequent measurement suggested a 
modification of the proportion to 90, 32 and 22 ; adopting which, we 
ha\e as the relative values of a cubic foot of water per annum — 

Rupees 102 87 on 12 feet rajbuha. 

„ 09 i>0 ,, G ,, ,, 

„ «59 G5 ,, o ,, ,, 

or 10 : 7 : 4. 

The increased action of absorption and evaporation on the small 
channels, with diminished volumes and feeble sluggish currents, ac- 
counts for the difierence above shown. 

111. The depth in rajbuhas should seldom exceed 4 feet; 

but in carrying out a new line of irrigation, we sliould aim at keeping the 
surface of water at about 1 to 1^ feet above the general surface of coun- 
try, so as to secure irrigation by the natural flow of water. Under these 
conditions, breaches in the hanks need never be feared, with ordinary 
care in their construction and maintenance. This object, however, is 
to be kept in due subordination to the primary desiderata of a reason- 
able longitudinal slope, and an alignment following the watershed of 
the country. 

Where the existing supply on a rajbuha becomes insufficient for the 
demand, it will be, in the end, found more economical to increase the dis- 
charge by widening the original channel for a suitable distance^ than to do 
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so by carrying the required additional volume down from a second head as 
used to be often done ; against the latter course, all the arguments before 
adduced boJd good, while the hack-water from the head which is running 
the strongest, is sure to check the velocity of water in the other, and bo 
immensely accelerate the deposit of silt. 

112. The system of raising water to the level of the country, where it 
runs below the surface of soil, by stop dams ov planks, introduced into 
grooves constructed for the purposes, cannot be too strongly condemned. 
These convert what should be a freely flowing stream, into a series ofi 
stagnant and unwholesome pools, encourage the growth of weeds and the 
deposit of silt, and are in every way objectionable. Besides, with a rea- 
sonable slope m the surface of the country, it will be generally found that, 
for every beegah of irrigation thus secured, ten can be obtained further on 
by the natural flow of water. Be this, however, possible or not, it is 
decidedly better to resort to any other means of raising the w'ater to the 
level of the country than the above wasteful and unhealthy expedient. 

113. The coat of rajbuha repairs on the Ganges and Eastern Jumna 
Canals vanes according to circumstances from about 50 to 30 Rs. per 
mile. The cheapest maintenance hitherto on the Ganges Canal in pro- 
portion to acreage watered was in 1SG8-C9, when it was *7 rupee; this 
included both canal and rajbuha mainteuance and 'repairs. 

114. The village w’ater-courses receive water from the rajbuha by 
means of kolahas, which are long wooden* tubes, with a rectangular 
or triangular transverse section of fixed dimensions, running under the 
rajbuha banks, being closed when required by a sliding wooden shutter. 
They should be fixed rigidly iu a horizontal position and at right angles 
to the rajbuha bed ; the bottom of the kolaba being slightlv raised above 
the level of the latter. 

The Irrigation outlets, or “ kolabas,'' on the Eastern Jumna canal are 
of two kinds. — “ Full,” measuring 8" x 10" (the latter dimension being 
vertical) ; and “ half,” measuring 8" x 5". [These dimensions are now 
generally looked on as too large, 20 to 30 square inches being considered 
enough.] The conditions of discharge vary indefinitely with each outlet, 
but 2 cubic feet may be assumed as the average volume delivered by a 
full, and one cubic foot as that delivered by a half, kolaba per second. 

• Whenever i^oseible the tube ehould be of more lasting material than wood. Earthenware pipes 
act in’concrcte, with moBonry cuds, airt now largely used- The qucBtion ol the bUBt btyle ol kolaba 
is still an open one. . 
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Kolabas on the Eastern Jumna canal were formerly placed at various 
heights above the rajbuha bed, diminishing from 1 foot near the head 
to 3 inches or less, at the tail, with the view of equalising, in some 
measure, the head of water on each. But, in practice, this plan waa 
found most inconvenient, *18 during periods of small expenditure of 
water, it beeame necessary to run nearly a full supply in rajbuhas to 
give the kolabas at the head any water at all, and the channels at the 
tails of long lines became so gorged that breaches in the banks were 
sure to ensue. • • 

Besides, the exterior conditions of discharge vary so much as to 
nullify in a great measure all interior arrangements. The outlets are, 
therefore, now built all flush with the bed, by which means the irri- 
gators at the head can obtain water with a low supply in the rajbuha, 
and any extra advantage thereby gained can be compensated* for by 
longer “tateels” when necessary. 

115. When the supply entering the head of any irrigating chan- 
nel becomes insuflicient for the demand, it is necessary to distribute 
the water fairly by closing dr diminishing the supply entering the out- 
lets near the head for a certain time, and thus forcing it down to the 
tail. Such a closing of outlets is known in the N. W. Provinces as a 
“ Tateel'' It is better, not to impose a “ tateel ” on rajbuha heads, but^ 
to regulate the supply entering them according to the demand lower 
down the canal. The advantages of a constant but moderate supply 
in rajbuhas are, that embankments are kept moist and are thereby less 
liable to crack and be breached by water, and that the growth of grass 
and weeds in the bed is checked. 

Where tateels become an established custom, as they must do on 
every fully developed system of irrigation, it is advisable to impose 
them over long portions of a rajbuha at once, and to fix certain days 
of the week for their maintenance. Short lengths of tateel have very 
little eifect, besides being nearly as troublesome to watch as long ones, 
*and zemindars will remember days of the week who cannot be brought 
to recollect dates. On the Eastern Jumna canal, notices of tateela 
are given to irrigators, who close their kolabas of their own accord at 
tbe appointed time. On long lines, the outlets on the first length 
(near tbe bead) are closed for four days of tbe week, and on the second 
portion for three days, thus ensuring a permanent, though moderate 



supply to those nt the tail ^fotices of tateel ought always be giren 
to the cultivators, and changes made as seldom aa possible. Many 
Tajbuhas can only be allowed to run during alternate weeks. 

116. Pield irrigation is known as “ flush ” or “ lift ” {Tor or JDdl*) 
according as it is, or is not, surface irrigation. In the former case, the 
water flows over the fields through cuts in the banks of the water- 
course, which are then closed. In tho latter case, it is raised or thrown 
on to the land, usually in a primitive manner by men with shallow 
swing buckets and ropes. ‘Of course less is charged for water supplied 
to land where the levels do not admit o\‘ flush irrigation. 

117. Water-rates are assessed on the area irrigated, and vary accord- 
ing to the nature of tlie crop and the amount of water it requires. A 
separate arrangement and payment is either made for each harvest, or a 
contract is made for a certain number of years. The measurements are 
made by the Canal Oflicers, and the amount due by the different villages 
is recovered by the Collector of the district. 

Over every 20 square miles or so of an irrigated district there is 
placed an Ameen, whose duty it is to keep constantly traversing his beat 
and noting how the irrigation is progressing. To help him he has copies 
of the Shujrehs and Khusrehs of all the villages under him, the former 
being maps of the lands showing the position o-f every single field and 
its number, the latter a record of the area of each field, and its owner. 
When the crop is about half growm, or earlier, the measurements 
commence. A fortnight’s notice is given to the Collector of the 
district, and he issues orders for the presence with the measuring par- 
ties of the Futicaries of the villages. The cultivators also get full 
intimation, and the measuring party consists of the canal Ameen and 
Chokedar, the village Tutwaree and Lumherdar, and the cultivators 
concerned, while the zillahdar keeps constantly visiting one of the par- 
ties in his zillah. Field after field is visited, its place and number found 
in the map, its area and ownership in the khusreh ; the crop grown on 
it is noted, and the fact whether the irrigation has been flush or liftj. 
the water-rate for the latter being one-third lower than for the former. 
From the field-book thus compiled, is made out a statement bringing’ 
together each man’s fields and showing what he has to pay for hia 
irrigation. This is termed the Khuteonee ; it is made over to the= 

• Toma to break (the bank) ; Dalna to throw (the water). 
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Putivaree^ nnrl lies for a fortnight in the villngo open to the inspection 
of aU, after which the vWn<;e Lumberdar collects the water-rate and 
deposits it in the nearest Government treasury. 

118. It is clear, however, that the fairest method of charging pay- 
ment for water is to sell it as one would sell any other article ; that is, 
according to the quantity taken. It cannot make any difference to the 
canal proprietor what becomes of the water after he has once issued it 
and been paid for it, and to have to enquire to wjiat purpose it has 
been put before he can fix or receive its price, is naturally productive 
of vexatious interference, and unnecessary expense and delay. Unfor- 
tunately, however, the difficulties in the way of delivering water hy 
measurement have hitherto been found insuperable, chiefly because no 
practical method has yet been hit upon of measuring the water under 
a head of pressure constantly varying; for, not only does the surface 
level of the w'ater in the main channel continually change according to 
the amount of water taken off above, the amount of rain-fall, &c., but 
the deposits of silt at the head of the distributing channel would also 
cause the quantity discharged fo vary continually. 

119. The ordinary form of orifice through which water is discharged 
for irrigation is rectangular or circular, the orifice being set vertically 
in the side or end of the channel forming the source of supply. Thus, if 

A 13 represent the level of w^ater in a 
canal, and jr an orifice through which 
that water issues, as long the le\el 
is uniform the cultivators will re- 
ceive an uniform supply. Let us 
suppose a cultivator pays for a com- 
tiniious discharge through an open- 
ing with the water standing in the source of supply one foot above the 
centre of discharge .r. In other words, his contract is for his orifice to 
remain open, and for Government to maintain the supply at the depth 
Aa;, or one foot. 

Now, the velocity with which a fluid issues from an orifice varies as the 
square root of the depth of the centre of discharijc of that orifice below 
the surface of such fluid. In the case of a small orifice, its true centre 
and its centre of discharge may be taken practically to be the same. 
Therefore, should the surface level instead of being one foot above ar, 
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happeu to fall 9 indies, the cultivator would receive mei(‘l\ half\\\^ due, 
whereas that level must rise 3 feet, or four times the preceding amount, 
to give him double his due. 

120. What the Italians have done to obtain an undorm discharge, 
8S eiplained by Colonel Baird Smith, may , be summed up in lery b'w 

w ords. Instead of in i- 
gating directly from the 
source of snjiply, they 
make use of an interme- 
diate chamber, EF ; AB 
being the source of sup- 
ply, the water is retain- 
ed by the wall G, which 
is fitted with the lifting 
sluice-gate JLr. Tins 
sluice-gate is lifted or depressed b\ hand, so as to maintain the water 
level EF, in the next chamber, uniform, and at the standard level, and 
aa long aa this is done, and there la a fall out of the chamber EF, the 
cultivator gets exactly what he pa} a for. 

This apparatus, how'ever, is very imperfoct. It only mitigates the evil 
mentioned above, and affords no protection against the carelessness or dis- 
honesty of the officials, whose duty it is to work the sluicegate ILr, raising 
and depressing it as tlie head pressure of water in the canal vanes. It 
has, however, the practical advantage of enabling the cultivator to satl^fy 
himself that he obtains his rights more easily, by watcliingthe water level 
EF, than by examining the height to which the sluice ILr is lifted ; to do 
which, to any purpose, he must understand, 
and have access to, the information possess- 
ed by the canal servant regulating the dis- 
charge. 

121. It is evident that to give an uniform . 
discharge, contraction of the orifice or water- 
w'ay must take place in proportion as the 
depth of water increases. And Col. Goodw'yn 
proposes to employ a cone fitting into a cir- 
cular orifice, which by means of a pulley and balance float should sink 
as the water rises and rise, as the water sinks, so as always to allow the 
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same amount of water to flow through the annular space round the 
cone. This is the principle adopted on the new Canal of Isabella II., 
near Madrid, (see Capt. Scott Moucrieif’s Eeport, pages 12 , 13 ,) but 
vrliether tliat canal has yet been opened or not is not known. 

122. In the original project for the Soane canals, the rajbuha heads 
and village water-course heads are on the plan of the Italian module as 
described above, i. e., to reckon the water by the discharge under a given 
head, which is known by the ordinary hydraulic rules, cither (1) when 
the discharge takes place freely into the air, or (2) when it is simply a 
descent from an upper to a lower level. 

The latter method is the one proposed. In both cases, the front sluice 
board is used to admit sucli a supply as shall just j^eep the level of the 
vuiter m the interior chamber at the mark denoting the desired head of 
supply. But on the village water-course heads, it wmuld be impossible 
to supervise tlie working of the head sluice board. It can only be used 
to sliut off tlie snpjily when the water is not required. The level of these 
water-course heads must bosSo placed that when the intended supply of 
W'ater is passing down the rajbuha, every village w^ater-course may just 
have its proper supply, as coutracted for. The regulation must be at- 
tempted only at the nijhuha head, and the Government will lose a portion 
of the tail surplus, an'd the other villages or cultivators gain it, when 
one or nior(3 vill.-iges or cultivators let their modules remain closed. 

123 . The following is a description of a new water Module, invented 
and patented by tlie late Lieut. Carroll, li.E., which has lately been 
tried on the Ganges Canal, with partial success. 

To tli(’ luoulh ol tlio koliihn n valve is attached of the form and dimensions shown 
in the Platt, and which mav he made of bui's or iron. 

Its mode of action is vei \ siinjtle. When the plate vhich hangs in front of the 
tuho is do\Mi, the quadrant vhieh is attached to it is at its hioliest yioiiit, and it will 
he seen that a fiee ^tater-^Miv exihts through the tube and between its under lip and 
the yilate in fioiit II the plate he raised, the (luadiant sinks into the tube, and 
reduces the ^^ater-^^a_^ in yiropoitioii to the angle throuirh \iliieli the jdate is raised. 

Now, if it he desiied to obtain an equal discharge while the head of water m the 
canal vaiies fiom .‘Ifeet down to 1 foot, the phitc is weighted so that the force of 
the issuing stieam at a 1 font head .shall be just unable to move the plate outwards. 
As the head uses above this, the ^eloeitv of the stream becomes greater and drives 
out the ydate, thus r(‘dueiiiLi the water-wav till, at a 3 feet head, the plate will remain 
at a verv high angle, and the quadrant will close n great part of the ivatcr-w^ay of the 
tube. The curve of the ydate is so adpistcd that it shall rest at such an angle as to 
give the same discharge as at a 1 foot head ; w’hen this is done, it is found that, at all 
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intermediate hcods, the discharge remains almost the same. Experiment gives 1 per 
cent, as the ordinary deviation from exact Ciiuality. This module can be equally 
well applied to regulate under lower heads, such as from 1 foot to 3 inches, but 
requires lighter weights and some other simple adjustments. 

The merits claimed for this module arc Bim})licity, cheapness, non-liability to de- 
rangement or choking, and the case with which it cau be protected from injury by 
enclosing it in a small masonry or iron chamber. 

124. The disadvantages of area payment are so serious, that the 
system of water measurement by discharge w^ill no doubt be generally 
introduced before long in sOme form or other, care being taken to leavp 
a liberal margin in favor of the Zemindars ; and on the longer establish- 
ed Eastern Jumna Canal, a system of contracts based on averages of 
past years is worked v^ith perfect success, and is probably the true solu- 
tion of the problem. 





CHAPTER VIII, 


DUTIES OF CANAL ESTABLISHMENT. 

(J 

125. Tjie establisbineut of a Canal Division in the N. W. Provinces 
consists generally of the following: — The Executive Engineer, assisted 
in Eevenue and Judicial aiaiters by a Native Deputy Magistrate and 
Zillahdars, and in constructive details by Assistant Eugineers or Upper 
Subordinates, \iith Sub-Overseers under them again. The Ameens are 
directly under the zillahdars for conducting the measurements, and the 
charge of the main canal and its distributaries is divided among a number 
of patrols or Chokedars. The distinction between the Eevenue and the 
Engineering branches of work is, bowe\er, never clearly divided. The 
Assistant Engineer ought to be most valuable in assisting in water distri- 
bution and management, having occasionally, like the Executive Eugi- 
neer, the powers of q Deputy Magistrate, and the Sub-Overseers should 
all assist in the same \^ay, while the Deputy Magistrate ought to be able, 
when required, to take temporary charge of a Sub-Division, 

126. It is too commonly supposed that when the canal is once con- 
structed, there remains little for the Executive Engineer to do worthy 
of a man of any ability or education. This is a very great mistake. 
There may bo no great works left to construct, but there are sure to be 
many small ones requiring much experience and precision to execute pro- 
perly. There are many points of the purest science still undetermined, 
such as the true formula) for the discharge of large bodies of water in 
open channels or over weirs, — the amount of loss by percolation and eva- 
poration, — the effect on the velocity of a stream of a large percentage of 
silt carried along. The Executive Engineer may have besides, to train 
and do battle with rivers of great size, or the not less troublesome hill 
torrents, such as issue from every valley of the Suh-IIimalayan ranges, 
lie may have in his charge a series of weirs which have to be constantly 
watched and protected, while repairs, often of the most important charac- 
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ter have to be executed within the space of only a few days uln th© 
canal can be closed. Alono;aide of his weirs he may have locks to super- 
intend. Hi* ra]buha8 ought to be a source of constant interest, requir- 
ing extension and improvements, while be will find, as he goes on irriga- 
ting, that drainage has to be attended to and artificial cuts to be laid out, 
to correct the over-saturation which only the best administration can 
prevent from taking place, and to ward off the malaria which over-satur- 
ation produces. 

Besides all this, no man shbuld consider it beneath his attention to 
exercise almost independent control over a Inrp^e body of water, hrinf^infr 
in a revenue every year perhaps of 4 or 5 lakhs of rupees, (the Eastern 
Jumna Canal rev^enuc exceeds 6 lakh.s,) and being a source of wealth to 
the country of at least four times that amount. 

He must be perpetually on his guard against the chicanery that is 
sure to be rife amongst his subordinates. lie is invested with certain 
magisterial powers. He should possess a general knowledge of the 
agriculture of the district, and know at whaj: seasons the various crops 
most want watering, and what soils most require it. If he is fond of 
forestry, he will have room for gratifying his taste in cherishing and 
extending the plantations along the banks of his canal, and may (as Sir 
Proby Cautley did) render lasting benefits to the country by the intro- 
duction of new trees. Among lesser matters, he may turn his attention 
to utilizing the water power of ais canal, a subject whicli must claim 
attention as the country progresses. If the above subjects do not 
possess sufficient interest for the Engineer, he had better choose some 
other line than the irrigation department. JS’or ought he to look for 
employment on a running canal if he is not prepared for a life of con- 
stant moving about at all seasons of the year. He must expect for little 
of the pleasures of society or domestic life, and be prepared for many a 
long hot day by himself in the canal inspection houses. 

127. The Assistant Engineer aids more or less in all the above, but 
his first duty is to carry out the execution of all works, whether original 
or repairs, within his Sub-Division. He is responsible for the measure- 
ments of earthwork, masonry, &c., done; he has special charge of all 
the stock of building materials, plant, &c. He submits, in the first week 
of each month, detailed accounts of all manner of expenditure, and 
keeps with his own hand a precise cash-book of all payments. He 
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ought to know exjictly tho tateds on hia rajbuhas, and help in checking 
the measurements of irrigation, 

12S. The first duty of the Native Deputy Magistrate, as his name 
denotes, is the trial of ofteiiders against canal law, but he occupies a 
most important place besides in settling disputes about water, superin- 
tending all the irrigation measurements, and he should bring to the 
Executive Engineer’s notice any irregularities which he finds in the 
Division, which as a Native he can often detect far more than any Euro- 
pean. If besides this he bears the high character for probity and 
truthfulness that more tlian one of hia class holds, he will be constantly- 
referred to as an arbiter among the cultivators, and be a most valuable 
help ill making tlie canal administration popular. 

129. The Zd/ahdar, whose charge is about as large as that of an As- 
sistant Engineer, and should embrace an area not exceeding 50,000 acres 
of annual irrigation, baa the charge of all the water distribution. He 
should know' what is going on in each village, whe»’e water is being 
well used, and where wasted. He is directly superior to the measuring 
atneens, and all the warrants for the collection of water- rate should bear 
hia, as well as the Executive Engineer’s signature. 

The Sitb- Overseer looks after the construction and maintenance of 
W'orks, and take his orders from the Assistant Engineer. He should help 
too in seeing that tateels are enforced, and that water is not wasted. 

The Chokidar, or canal policeman, has a patrol of 6 or 7 miles of 
rajbnha. This he sliouUl go over every day seeing that all is in order. 

He should also inspect frequently the irrigation from every kolaba 
in his beat, and should be able to state positively what fields have re- 
ceived w'ater. Being the most easily bribed be is the most corrupt of 
the canal establishment, and over him the superior officers have to keep 
a constant watch. 

130. To the above may be added some practical hints extracted 
from a Meinorauduin by Major Brownlow, already quoted : — 

General duties of JUsiahlishment — An Executive Engineer should not 
tie himself down by assuming direct charge of w'orks or administration 
of any particular portion of canal, but reserve himself for general super- 
vision free to move wherever liis presence may seem desirable. Having 
once distributed subordinate charges to the best of his ability, let him 
avoid aa much as possible frequent changes in their extent or ** per- 
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sonrel.” These tend to unsettle the cstnbli shin out and render it diffi- 
cult to apply past experience or to trace aud check irregularities. 

They deprive a good man of much of hia ir\terest m his work and of 
his acquired local knowledge, wdule a bad one is seldom benefitted by 
change of air ; “ coelum non animum mutant.” The exceptions to this 
rule will be noted hereafter. 

As a rule, all necessary orders should be given through the officer 
in charge of the work under inspection and not to his subordinates. 
AVhen one of the latter is f)reseiit aud the former absent, the tempta- 
tion to break this rule is often great, but except in urgent cases it is 
best adhered to, a contrary practice being decidedly subversive of 
discipline and good order. All orders especially to natives should be 
clearly conveyed in writing. 

The Executive Engineer should constantly place himself in communi- 
cation with Zemindars and villagers, unattended by the usual train of 
native officials. Then and not till then will they fearlessly state their 
grievances, lie should transact all business in the vernacular as pub- 
licly as possible, and be perfectly accessible at certain fixed hours of 
every w'eek day. 

Anonymous petitions should never be listened to, but the repetition 
of open and acknowledged complaints, even though apparently disprov- 
ed or grossly exaggerated, is a symptom not to be disregarded. They 
show that something is annoying the people, and though most natives 
will on slight foundation build up an astounding accusation, villagers 
wdll seldom go out of their way to trump up a totally groundless com- 
plaint. 

131. Assistant JUnginrrrs should bo held responsible for the main- 
tenance in working order, at a reasonable cost, of the siib-divisions 
entrusted to them ; for police arrangements and for proper distribution 
of water. To enable them to check their expenditure on current repairs 
and original works, the Divisional accountant should send them each 
month the schedule prepared by him, including all stock rates for ma- 
terials. The Executive Engineer keeping them distinctly informed of 
total sums allotted to each account. They should be personally ac- 
quainted with the principal Zemindars irrigating from the portion of 
canal in their charge, and with the characters and capabilities of all their 
native subordiiiates. They should know the number and irrigating 
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capacity of outlets on each rajbuha entrusted to them. Should “ ta- 
teels ’** not have been previously established, they should arrange them 
when necessary and see that they are strictly adhered to. They should 
take every opportunity of verifying the accuracy of any measurements 
of irrigated land that may bo going on in their vicinity, A young 
hand is apt to suppose that when once his rajbuhas are in good order he 
need not often inspect them, than which there can be no greater mistake. 
They may be in admirable order, but constant inspection will do more to 
keep them so, than many working partierf. “ The master’s eye is worth 
a dozen hands.” 

132. On the Eastern Jumna canal, the Native Deputy is employed, 
as a general rule, in moving up and down the line, deciding the numerous 
j)etty disputes about water that are constantly arising, and where neces- 
sary, punishing infractions of canal regulations. He also checks the 
work of any measuring parties in his neighbourhood, inspects the Zillah- 
dar’s books, and makes himself generally useful. Thus employed, he 
has been always found an invaluable assistant, and 1 have never found 
it advisable to localise his duties by placing him in executive charge of 
a sub-division. 

133. A good Zillahdar is a man whose importance cannot be over- 
rated. He is the right hand of his superior in all matters connected 
with irrigation. He should know personally all the principal irrigators 
and owners of outlets, and be known by almost every resident in his 
Zillah (the latter being no bad test of his locomotion). He will know 
at any time where irrigation is going on, and pretty accurately to what 
extent, and consequently to what points water should be forced down 
his rajbuhas by tateels.” At the same time that he is watching the 
irrigation of the current fusl (harvest), he will be supervising measure- 
ments of irrigation. On the Eastern Jumna canal, each Zillahdar has 
an average of 200 villages, and 250 square miles of country over which 
to superintend irrigation, measure it up, and collect the revenue. His 
office books should be carefully kept up and frequently inspected and 
signed by the Executive and his Assistants. 

134. 8uh-Overseers are chiefly employed as purely executive officials 
on maintenance or construction of works, but can be made most valu- 

* The cloBing of outlets at the head of any line of iirigatlon in order to force water down to the 
tail is meant by a ** toteel " {see above). 
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able auxiliaries in superintending irrigation. A good man should have 
much influence in his beat, and bo looked up to bv the euluvators as 
second only to the Zillahdar. Thea^ernge charge of a Su''-(')v<'rseer 
on the Eastern Jumna canal is about 10 imics ot canal and H) uulos of 
rajbuha channels, with their dependent irrigation. 

135. The influence of CJiolccilarii for good or bad is so grcH that too 
much pains cannot be taken in selecting them, and in keeping tlu ir “ mo- 
rale” at the highest pitch attainable. 1 lia\e always found pronioLed 
mates ortindals of working paVties make the best cliok(*dars, as they aro 
generally hardy active fellows, and can, in case of emergency get repairs 
executed quickly and well ; men of the “ mirda ” caste, from their aptness 
at estimating areas and acquaintance with laud measurements, make 
good raw material, but great care is required in selecting them ; from 
living in the large towns they are apt to be loose, idle fellows. The 
uniformity of pay and small prospect of promotion in this grade, led to 
a proposal being made to Government for increasing the pay of the most 
deserving cbokedars on this canal as an inducement to exertion, which 
has since been sanctioned. It is perhaps advisable to change these men 
from one beat to another about once in two years, as it does not take a 
man long to get acquainted with his new charge, and they are apt, if left 
too long in one place, to make private arrangements for the distribution 
of water, decidedly detrimental to canal interests. 

Their average charges should not exceed 5 or 6 miles of rajbuha or 
canal channel, and 10 to 13 square miles of country, over which to super- 
vise irrigation, as otherwise a man cannot go out to distant points and 
return the same day to his cbokie, having careful inspected the inter- 
mediate irrigation. 

136. Police and Pevenue . — Executive Engineers and their assistants 
have powers of an Assistant Magistrate for the protection of canal pro- 
perty, and these powers cannot be too cautiously wielded. A Arm and 
vigilant ofiScer will seldom have occasion to punish severely, as irregu- 
larities are easily checked at the outset. An Executive Engineer should 
be most cautious in accepting the assertions of his native subordinates 
that such and such villagers are irreclaimable scoundrels, and should 
occasionally call to mind a pithy native proverb, “ The darkest place is 
under the lamp.” 

The most common offences are, grazing cattle on canal banks, making 
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gliata acroRS rajbuhas, breaches of “ tateels,” and stealing water from an- 
other person’s water-course. In the first case, the chokedar can drive the 
cattlo to the nearest pound, and if opposed (as is constantly the case) he 
)nu8t let them go as soon as they are off the bank, which is all he cares 
about. 'VV'hoi'o grazing is persisted in and damage done, it is patent 
and visible ; tlie grass and perhaps some young trees are trampled down 
or slopes of earthwork are injured, and the people who are in the habit 
of grazing on the adjoining land should be held responsible for it. 

Where ghats are made by foot passengers across rajbuhas, there is 
no use in finding (at least I have never found it stop the practice) ; so, 
accept the situation, and place a couple of stout straight logs alongside 
of each other across the channel. People infinitely prefer going dry 
^od to wading through the water, and will consequently abandon the 
ghat for the bridge. I may here mention that no earth or brushwood 
should he allowed on a log bridge, as they are liable to fall into and 
choke up the rajbuha channel; the best plan is to purchase a suitable 
tree in the nearest village, halve and dress the trunk, placing the two 
pieces side by side. Where cattle are driven across the rajbuha, it is 
generally a sign of a village road having been left unprovided with a 
bridge, and the sooner one is built there the better. 

137. In dry seasons, breaches of “ tateel ” are very common, and 
can only be put a stop to by constant and unexpected inspection of the 
lines on “ tateels ” are in force, and severe punishment of all offenders, 
commencing which witli the canal establishment, who are pretty nearly 
sure to be in fault. Where a cultivator is accused of stealing the winter 
from another man’s water-course, a moment’s inspection will verify the 
truth of the statement, as the breaches in the sides of the ’‘kool ” are 
apparent, as also the signs of irrigation. In such cases, settle the dis- 
pute by a village “ punchayet.” 

Mill-rents should never be more than ten days in arrears, and fines 
should be realised immediately on infliction, otherwise they fail to 
answer their purpose as deterrent punishments and sink into a most 
objectionable source of revenue. 



CHAPTER IX. 


COST rAND REVENUE. 

138. The Cost of a permanent canal -will evidently vary according to 
its size, the difEculties attending its construction, and the varying rates 
of labor and materials in different localities. It will be useful, however, 
to collate the experience derived from canals already constructed, 9 r pro- 
jected, so as to gather some idea of the average cost of such projects. 

The total cost of the Ganges Canal up to end of 18G8>69 (and includ- 
ing rajbuhas) was Rs. 2,84,35,716. Its estimated full discharge is 6,250 
cubic feet per second. Its total length of mam channel was 654 miles. 
This gives a cost of Rs. 3,750 per cubic foot of discharge, or Rs. 35,834 
per lineal mile. 

The Baree Doab canal will probably cost Rs. 1,35,00,000 ;* is calcula- 
ted to discharge 3,000 cubic feet per second, and will be 469 miles long, 
giving an average of Rs. 4,500 per cubic foot, or Rs. 28,784 per lineal 
mile, exclusive of rajbuhas. 

The Eastern Jumna canal has cost Rs. 19,13,529, up to end of 1868- 
69, being 130 miles long, and discharging 1,250 cubic feet per second, 
thus averaging Rs. 1,531 per cubic foot, or Rs. 14,719 per mile, exclud- 
ing rajbuhas. 

The Western Jumna canal has cost Rs. 24, 45,660t for a total length 
of 445 miles, and a full discharge of 2,500 cubic feet, being Rs. 978 per 
cubic foot, or Rs. 5,500 per lineal mile, excluding rajbuhas. 

The Suolej Canal, as originally designed by Major Crofton, was esti- 
mated at Rs. 1,10,19,000, (exclusive of permanent dam at the head,) for 
530 miles, and a full discharge of 3,500 cubic feet, being Rs. 3,148 per 
cubic foot, or Rs. 20,790 per mile, without lockage; and exclusive of raj- 
buhas. 


1,17,CG,000 Eb. up to iBt April, 1669 


t To Ut April, 1869. 
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The Soane Canals, according to Col. Dickens’s design, were estimated 
at lis. 1,35,72,000,* for a length of 826 miles, and a discharge of 3,124 
cubic feet, being Bs. 4,344 per cubic foot, or Bs. 16,431 per mile ; in- 
clusive of rajbubas. 

The above data are too fewf and discrepant to draw any very accurate 
conclusions from them, but excluding the Jumna canals, which were not 
entirely new projects, and assuming that the cost of rnjbuhas will be Bs. 
1,000 per mile, and that there will be four miles of rajbuhas to one of 
main canal channel, it would appear that a^iirst class canal of irrigation 
when complete, with rajbuhas, will cost about Bs. 4,000 per cubic foot 
per second of maximum discharge, or about Bs. 30,000 per mile of 
length. 

, The above may be considered to include the whole cost of first con- 
struction, including establishment; while the establishment for mainten- 
ance, with the coat of annual repairs, will afterwards, of course, become 
an annual charge or drawback upon the revenue. 

139. Bevenue. — This is derived first and chiefly from Water-rent, 
which, as said above, may be charged on the amount of water distributed 
or the area of land irrigated. At present, we have seen, as it is univer- 
sally on the latter, and the cultivator either takes it or not at each har- 
vest, just as he fancies-, according to the amount of rain that may happen 
to fall, or he makes a contract for the whole year or for a certain number 
of years. This hand-to-mouth system certainly seems absurd in the case 
of a great work which may have cost some millions, and which the 
Government is constrained to maintain in efficient working order at a 
great annual expense, and it is certainly desirable either that the con- 
tract system should be enforced everywhere, or at least that those not 
taking water until the last minute should pay at a higher rate in propor- 
tion to the delay. By the new Canal Act now before the Indian Legis- 
lature, lands capable of irrigation from a new canal will practically be 
eompelled to pay for the water whether they use it or not, and thus 
there will be every chance of such works returning a fair percentage 
on their first cost. 

• Excluding the cost of the permanent dam ntthe head, which amounts to Es. 18,00,000 more. 
The length of this canal is much greater in proportion to the discharge than that of the others. * 

t I have not had the opportunity of perusing the projects for the Sirhind, the Lower Ganges, 
and the Sarda Canals, which have recently been drawn out, but hope to be able to do so in time for 
tshe next edition. 
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140. The following are the rates for water now in use on the Gan- 
ges and East and West Jumna Canals: — 


FluBh. Lift, 


ns. A. r. 

1 at Class. For sugar, per annnm, per acre, 5 0 0 

2nd Class. For fruit, nursery and vegetable gar- 
dens, singharns, cultivated grasses, 
lucerne, guinea grasses, &c,a)wain 
and similar herbs, rice, per crop, . , .S 0 0 

3rd Class. For indigo, cotton, tobacco, wheat, oats, 2 4 0 

4th Class. For Indian corn, safflower, chccua, 
hurley, goehnee, oil, seeds, jowar, 
jmlscs of all kinds, per crop, . . 110 8 


ns. A. r. 
3 6 4 


2 0 0 
1 8 0 


1 0 0 


A proposal is now hcfoic Government to raise licc to a 1st class crop, on account 
of the quantity of Avatcr it re(]iiires and the difflenlty of giving it ; as also somewhat 
to check the vciy rapid extension of a cultivation, universally accompanied by mala- 
ria and fever. 


141. Villages taking water from the canal for irrigation are exempt 
from all charges for watering their cattle and for water required for do- 
mestic purposes. Other villages paj, for watering cattle, 6 Ba. per 
100 per annum ; watering sheep or goats, 2 Bs. per 100 per annum. 
For filling tanks (not irrigating), the water is paid for at 1 rupee per 
6,000 cubic feet in bulk. 

Transit dues are fixed from time to time for boats or rafts plying on 
the canal. 

Other sources of revenue are from Corn mills, which are built by 
Government, and rented annually to the highest bidder. 

Canal produce, such as grass, &c., also sold annually. Fines for breaches 
of canal regulations, such as stealing water, trespass, &c. 

142. On the Baree Doab Canal, all crops are charged for at the 
same rate, viz., 2-6-8 per acre for flow, and 1-3-4 for lift, irrigation. 

On the Soane canals, the expected water-rent was reckoned at Bs. 
1-9-0 per beegah, per annum for the two crops, or Es. 1-12-2 (equiva- 
lent to Bs. 2-8-10 per acre) if the rajbuhas were made at the Govern- 
ment cost, as was proposed. 

143. But besides the direct return from water-rent, there is an in- 
direct return due to the canal, arising from the increased value of the 
land, and therefore the increased rent or land-tax that it can afford to 
pay to Government, the diflerence in produce between well and canal 
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irrigated* land being considerable, while the difference in cost of irri- 
gation under the most favorable circumstances for each, is reckoned as 
3 to 1 in favor of the latter. This indirect canal revenue may, and 
does often, amount to considerably more than the annual value of the 
water-rent, and though it does not appear in the canal returns, the 
work should always have credit for it. In the N. W. Provinces it is 
estimated at Ks. 1-S per acre, per annum, on the whole area irrigated. 
Much discussion has however risen on this point, which is complicated 
by the land-tax being assessed for 30 years, so that no increase of 
revenue can be obtained until the expiration of the settlement. 

144(. Allusion has already been made in a former Chapter to the 
effective work done by every cubic foot of water in a canal, generally 
called the irrigating duty per cubic foot. It is evident that by dividing 
the total annual water-rent received during tl^ year, by the average 
discharge per second throughout the year, the annual value of each 
cubic foot of water can be determined. 

' Froth the latest returns available, the following table has been com- 

j)iled 
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4,046 

1,076,890 

282 

22,65,320 

488 

2-11 

3,112 

367 

728 

TBftirtflm Jumaa canal, 

962 

2,74,101 

306 

6, 9*), 580 

C2J 

2-18 

596 

460 

1,006 

1868-9. 










S!ai«o Doah oonSl, » 

1,850 

2,99,835 

163 

7,06,324 

382 

2-35 

GS8 

436 

1,027 

1868-9. 










Juaama canal, 

2,278 

4,72,068 

207 

11,66,919 

C12 

2-47 





The ii^sgAtiozi in the Ganged and Baree Doab canals is not yet fully 
developed, though steadily and rapidly increasing on both. The Eastern 
Ju^na canal xetone, however, safely and fairly taken as a guide 

othere. „ 

f OQlOHris deny yf0 brigation in Bome Zillnlis ao high as canal irriga- 

Uu»iai,»«e«5l|r more than one-half as much as irrigated land. 
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145. The rate of expenditure on well managed canals in good work- 
ing order may be taken at Rs. 120 per cubic foot, with an extra Its. 50 
for rajbuha repairs, if they are done by Government. The difference 
between the income and expenditure, is the clear profit per cubic foot 
of discharge per annum, whence the percentage of returd on the origi- 
nal cost of the work can be determwed. 

Say for instance that the average prime cost of a 

cubic foot pf water per second of discharge is, ... Ra. 4,000 
Average annual value of a cubic foot, say Rs. 500 
Deduct average annual expenditure on 

a cubic foot, „ 120 „ 380 

showing an annual profit of about per cent. 

This calculation is for water-rent only, and takes no account of the 
enhanced value of land ; assuming this enhancement, as said above, at 
Rs. 1-8 per acre annually, and that each cubic foot irrigates 220 acres, 
then the net returns would be swelled from Rs. 380 to 710, and the 
return on the capital would be iTk per cent. 

146. It is evident, however, that the data for the above calculations 
are exceedingly variable, and canal statistics are too imperfect for them 
to be considered as anything more than rough guides — as such, however, 
they are valuable. The saving in remissions of.revenue which are often 
forced upon Government during seasons of drought, in districts where 
artificial irrigation does not exist, and the general prosperity of the 
people, are also items, which although they cannot be exactly reckoned 
by figures, are of not the less importance on that account, and must be 
^et down as very tangible benefits derived from canals. The value of 
the crops irrigated by the Ganges canal in one year was estimated at 1|- 
millions sterling, of which the sugar, cotton, and indigo, valued at up- 
wards of £600,000, were almost entirely due to its influence ; and wheat, 
valued at nearly half a million, was largely indebted to it. 

147. When the Government first undertook the construction of 
these Irrigation Canals, it was done rather to insure the people from 
the horrors of famine and to secure the punctual payment of the 
land tax, the largest item in the revenue of the country, — than with the 
idea of securing any direct returns ^om them. It is now seen, however, 
that, Ibougb not likely to yield the extravagant returns which were at 
one time looked for by sanguine speculators, they ought to yield a fair 
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interest on their cost if raade on proper principles. But these princi- 
ples have been the subject of much discussion, and are still far from 
settled. The question generally is, — Having a limited quantity of 
water, how ought it to be expended ? Shall it be conveyed to the 
lands which most require it, or to those where it will yield the largest 
profit ? Where land is already irrigated by wells and where there is a 
population ready to use whatever will greatly increase the value of 
their laud, canal water would evidentl}’^ yield a larger return than if it 
were conveyed probably a longer distance, to a sterHe soil with a scanty 
population where well irrigation is impossible. But Government can- 
not already lock upon such questions simply with the eye of a specu- 
lator. In the latter case, the population of a district might be reclaim- 
ed from lawlessness and preserved from famine by the introduction of a 
canal, and this might be a sufficient inducement to undertake the cost 
even with the certainty of a loss. 

148. One other point remains to be noticed in connection with the 
benefits from Canal Irrigation, — the raising of the surface water in 
wells owing to the percolation from the canal, whereby the labor and 
cost of well Irrigation is of course very much lessened ; moreover, in 
many of the desert districts, where brackish water has alone been 
found before the construction of the canals, tlio effect of the latter 
has been to sweeten* the well-water, and make it palatable for drink- 
ing. 

149. Against these benefits has sometimes to be set the formation 
of jheels or swamps in low ground, which, however, may generally be 
reclaimed by proper drainage. Another evil is the presence of the 
saline efflorescence (known locally as Jleh, in the N. W. P.), on some 
kinds of soil when irrigated* which greatly injures its productive value. 
On the Western Jumna Canal, this evil has been the subject of serious 
consideration, and I believe it is partially developed on the Baree Doab 
Canal. The salt appears to be in the ground at a certain depth, and 
to be developed only after being flooded with water — and hitherto no 
effectual remedy has been devised for it. 

Still these are very small and partial sets-off against the immense 
benefits due to Irrigating Canals. 

* This evil however is not the result of canal water only. Well irrigation is often more oonductive 
to Its production than canal irrigation. 


P 
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The minor items of Bevenue from Irrigation Canals, and which hare 
been named aboye, need not further be commented upon here. 

160. From the report of the Chief Engineer of Irrigation, N. W. P., 
it appeara that the net profit for the year 1867-68, upon the original 
cost of the Eastern Jumna Canal, was 10 per cent., or 30 per cent, if the 
estimated enhancement of land revenue due to. the canal be included. 
And for 1868-60 for the Western Jumna Canal, the profit is 37^ per 
cent., or taking into account the increased land-rent due to its influence 
to 63 J per cent, on the original outlay. The above includes the direH 
returns. 

As these are the only two canals of any size on which the Irrigation 
has been as yet fully developed, (indeed the Western Jumna Canal is 
still far from perfect,) the above returns are of interest and value — and 
seem to prove that a good remuneration from such works will in the end 
accrue to their proprietors, if designed and carried out on proper 
principles. On the other hand, no Engineering Works require so much 
anxious forethought and scientific design as Canals of Irrigation, as 
none require more skill in construction, as regards both the workman-* 
ship and materials employed. 



CHAPTER X. 


MADRAS CANALS. 

• 

151. The Madras System of Canal Irrigation, like that of the North 
Western Provinces, is simply a development of the old native method, 
improved on scientific principles and carried out in a more permanent 
manner. 

A general outline of the native system may be given in a few words. 
Channels of supply, proportioned in dimensions to the area of the tract 
dependent upon them for irrigation, were cut from the river bank, and 
supplied sometimes with head sluices of masonry, but very often wanting 
in these necessary works. The levels of the heads were so arranged as to 
command a full supply in moderate floods, and the water was led to the 
fields by infinite numbers of smaller channels of distribution. When 
the level of the river surface was too low for the supply of the channels, 
the construction of a temporary earthen dam (corumboo), or a perman- 
ent masonry dam (anicut) was had recourse to, and the water was thus 
raised to the requisite height. 

Our improvements on this system have consisted in establishing perma- 
nent Dams to replace the temporary ones, and in a better alignment of 
the irrigating channels, which are in fact much the same as those des- 
cribed in the first Chapter as Inundation Canals, with this important 
difference, however, that by the construction of the Anicut or Weir at 
the head, the regularity of their supply is improved. 

The generaly fall of the Deltas, on which the largest works have been 
constructed, ranges from 1 to 3 feet per mile, from the head down to 
the £ea. The difficulties, therefore, that have to be encountered in the 
Upper Provinces from an excessive fall in the upper part of a Doab, 
and from the country being cut up by formidable hill torrents, are not 
met with in these Delta works ; and they have the still greater advan- 
tage of being continually progressive, both as to cost and revenue ; in 
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other words, the roturns from them are quicker, and perhaps more 
certain. 

But besides the great works on the Deltas, irrigation is largely car- 
ried on in the plains higher up, by numerous supplying channels cut 
from minor streams, across which anicuts are thrown, and leading to 
the fields themselves or to tanks, in which the water is stored up for 
future use. 

152.* A plain which it is desired to irrigate can hardly be so situa- 
ted, but that the bed of a neighbouring river is at some part or other of 



Note.— In the plan, the same Icttcis refer to spotb that arc on the same level. 

its course relatively higher in level. Supposing a surface AB to slope 
from A to B at the rate of 2 feet in a mile, and to be traversed by a 
river CD, the bed of which falls at the same rate, hut is throughout 20 
feet below its banks, it is evident that the part of the slope which is 10 
miles from A towards B will he on the same level as C, and that were 
a channel CE excavated, with a horizontal bed, water from the river 
above C would flow along it until it reached E, whence it might be con- 
ducted to irrigate the lower portions of the slope EB. 

In like manner, if the bed of the channel were made to fall one foot 
per mile, it would at 10 miles be only 10 feet below the country ; and 

* The next paraKraplis are from a roi)ort by the late Captain Best of Madras Engineers, publi^ed 
in the Madras Professional Tapers several years ago. 
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at 20 miles, having gained a foot per mile, it would emerge on its 
surface. 

The case is more unfavorable, but still similar, though the country 
would also slope, as it most frequently does, towards the river, as well 
as towards the sea. In this case, the water for tlie lands farthest from 
the river must be brought from a part of the bed nearer to its sources, 
and the excavations must be deeper; or, as will often happen, the ex- 
pense bearing too high a ratio to the attainable advantage, the irriga- 
tion must be restricted to those lauds which lie nearest to the course 
of the river, and at the lowest levels. 

Channels of irrigation have been taken off rivers, such as the Falaur 
in Arcot, the fall of the bed of which is at the rate of nearly 10 feet in 
a mile, and its ill defined banks G to 8 feet high; as well as from such 
as the*Kistna, which runs with a lall of less than 1 foot per mile, and 
between steep banks of 35 feet. 

It is the relative fall of the river and of the country on its banks, 
which determines the least length which the channel can have, in order 
that its bed should emerge above the surface, and its water be brought 
to use ; but when the freshes are of short duration, and channels are 
led to tauks, it is evidently desirable in order that they should deliver 
water rapidly, that tliey.jshould be wide, and the velocity of water in 
them considerable, although to afford slope to their beds, their length 
should be extended, and the expense of excavation increased. Six or 
eight yards may be considered the greatest depth to which irrigating 
channels have yet been excavated in this Presidency, but the general 
average is not more than 2 or 3 yards. 

153. Great portions of some channels have been formed by throw- 
ing up one bank only on the lower side of a slope ; and the heads of some 
river channels, by separating part of the bed of the main stream by 
ineans of an artificial bank, protected by river grasses, &c. In some 
cases, these artificial banks are carried for very considerable distances up 
the rivers, or obliquely across their saudy beds. Such banks termed 
Corumhoo, are generally over-topped and carried away by all freshes of 
more than 1^ yards depth of water. They are temporary expedients©# 
substitutes for permanent dams or^anicuts, to turn the early and loW 
freshes of rivers into irrigating or tank channels, and being liable IJd be 
partially, and sometimes entirely destroyed by every full fresh, require 
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to be repeatedly repaired, and occasionally reconstrueiod duT inp; every 
season. They are usually constructed and kept in repair by tlu' pro[)rie- 
tora of the lands which they irrigate, without any coat to Go\ernment. 

154. The word “ AnicuV is Tamil, and means generally dam or weir. 
Engineers have generally restricted the use of the term to a dam across a 
stream, and that of the word “ Calingulah ” to a work of similar form in 
the bank, either of a supplying stream or of a tank. 

The chief object of Auicuts is to raise the water of the streams they are 
bttilt across, in order that a* portion of it should be diverted into channels, 
leading, as the case may be, directly to the fields or to tanks, in which the 
water is stored up to be used as required, and they have the further 
effect, of reducing the depth of excavation near the head of the channel. 
Some anicuts are like calingulahs, furnished with dam-stones to sustain 
temporary banks of mud, &c., and to raise the water in the river beefs 
during the dry season and the early and low freshes ; such temporary 
embankments being washed away by the freshes. Others are provided 
with sluices, or have low parts or gaps left in them, seldom exceeding 5 
feet each ,* within which limit, it is not difBuult to provide means of closing, 
such as shutters, <tc. By these, the sand is more or Jess prevented from 
accumulating to the height of the crown of the dam ; and parts of the 
beds of the rivers, generally inconsiderable ho\yever, are thus formed into 
pools extending towards tlieir sources. 

These are in no instance looked upon in the light of tanks. They may, 
for a trifling period at the very end of the dry season, answer the same 
purpose, but the irrigation depends in all cases either upon the continual 
flow of a small quantity of water during the early part of the hot season, 
or upon tanks generally far away from the river, and which are supplied 
by channels during the freshes. 

155. Almost all the rivers in the Carnatic, are little more than beds of 
dry sand during the hot season, and very little water can then be procured 
from them for the purposes of irrigation. During the monsoons, they are 
more or less full, and it is then only, or at least chiefly, that a portion of 
their waters is directed by means of anicuts and channels into the adjoin- 
ing country, to moisten and fertilize the rice and garden lands. During 
the periodical rains, there is generally too much water, and in the hot 
months none, and the object of all the expedients and works of irrigation 
is to rectify these evils, by collecting and retaining in tanks or reservoirs 
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portions of tlir surplus wnfor of the monsoon, for ilio irri^ratioti of t!io 
country tlurinj,' tho tlry sofison. 

When the s^iopo of the country is gradual, it is evident that a (hun 
across a river may, by raising the water in its bed, very much diminish 
the length of Jin irrigating channel to he led off it, and it might appear 
that anicuts would on this account be found general in the lower parts, 
of the courses of rivers, where tho fall is gradual. But this is not the 
case, because the lower parts of rivers are generally wider, their beds 
Bandy and unfavorable to such buildings, and their banks low. The ob- 
struction of the bed in such localities would raise the surface of the water 
in freshes, and render necessary the formation of banks, to prevent tlie 
inundation of the country through wliich the river passes : for, however 

advantageous such inundations are in the Deltas of the Ganges and Goda- 
* . 
very, they are most carefully guarded against on the banks of the Cauvery 

and Tambrapoorny, where the crops are raised, not by inundation, but by 

a very artificial, and (as far as thS science of agriculture is concerned) a 

very perfect system of irrigation. 

156. Anicuts are mostgenerally useful nearer to the sources of streams 
where they traverse rocky country. In such situations, rocky foundations 
can generally be obtained, and the work built securely, while, although the 
fall of country is great, opd channels do not need to be very long, yet 
without anicuts, the dilllculty arising from the nature of soil, in such 
parts generally stony, and which it would be necessary to excavate to a 
great depth, would be very often absolutely insuperable. 

A rocky bed, though a great advantage, and always to be preferred in 
selecting a site for an anicut, as contributing to reduce the cost and in- 
crease tho stability of the work, is not however an indispensable requisite. 
Several anicuts have recently been built with perfect success, and at a 
moderate expense across rivers, the beds of which consist entirely of pure 
sand to a depth far beyond the foundations of these works. On such 
occasions, the chief point to be studied is the formation of a strong and 
substantial apron beneath the anicut, to break the over-fall of the water, 
and prevent the foundations being undermined. 

Generally, in the wide and flat beds of rivers near their mouth, the 
scanty supply of water during the dry season is collected and turned into 
channels by means of the temporary embankments of grass, baskets, 
sticks and sand, which have already been mentioned by the name corum- 
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boo; bnt there are two modern Anicuta in euch aitimtions, whose success 
has since led to the projection of others in similar situations. 

157. These are the upper and lower Anicuts across the Coleroon, 
built at the suggestion, and under the superintendence of, Captain 
(now Major-General) Sir Arthur Cotton, of the Madras Engineers. 
Both these works have superseded and rendered unnecessary the con- 
struction of extensive corumboos ; while, unlike, corumboos, they resist 
the action of freshes, and assist the irrigation in all states of the river. 
The upper anicut is built wli^re the Agunda (or whole) Cauvery divides 
into two branches: the Coleroon, which seeks the sea hy a straight 
course, falling at the rate of from 2 to 3 feet per mile ; the smaller but 
more useful branch (which retains the name of Cauvery) flowing on a 
more elevated bed, and, after having in the sliort distance of 40 miles, 
gained no less than 15 feet on the level of the bod of the main branch, 
dividing and aub-dividiiig until its water is spread over the greater part 
of the Tanjore District. Eor many years previous to 1836, the Tanjore 
cultivation had pressed so closely upon the supply of \^ater afforded by 
the Cauvery, that in seasons falling at all below the average, extensive 
tracts of valuable land either remained uncultivated, or were subject to 
the still greater evil of being cultivated in vain. The defect was chiefly 
attributed to the accumulation of sand in the upper part of the stream 
near its separation from the Coleroon, and to remove which various expe- 
dients were devised, and adopted with partial, but only temporary success. 

At this conjuncture, viz , in 1834, Captain Cotton, then Civil Engi- 
neer of the Division, devised the anicut which is built cross the Cole- 
roon, about 100 yards below the separation of the two rivers, and by 
raising the bed of the Coleroon about G feet, haa, without diminishing 
except in a trifling degree, the capacity of its section for the passage of 
high freshes, rendered available for the supply of the Cauvery and of 
Tanjore, all the water which, even in the driest season and when most 
wanted for irrigation, used to pass waste to the sea. The lower anicut 
was built in the same year, about 70 miles down the same river, and 
serves to turn the water, that accumulates in the intervening part of 
the river bed, from the drainage of cultivation and the springs that ooze 
from the sand, into the country on both sides, irrigating extensive and 
fertile tracts of land in the Tanjore and South Arcot districts, between 
the anicut and the sea. 
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158. These works had a very beneficial effect, but it cannot be said 
that the irrigation arrangements under the Gauvery are yet in a satis- 
factory condition. Eegulating works are required at the heads of the 
numerous branches which at present are not supplied in proportion to 
the areas of land irrigated, and measures have also to be devised for 
diverting from the Delta the injuriously high floods, which are now 
liable to pour over it. It is understood that works to answer both pur- 
poses are under contemplation, and that several of the minor regulators, 
which, however, are still very extensive \?orks, have already been con- 
structed. 

159. Anicuts, as usually constructed, are walls of masonry erected 
on a solid foundation and carried right across the whole breadth of the 
river. The material used is either stone throughout, or brick-work 
covered with cut stone, the foundations usually resting on shallow wells 
sunk in the sandy bed of the river (unless the site happily offers a 
rocky foundation), and the superstructure made partly of dry stone and 
partly of stone set in mortar. The sill of the anicut over which the 
flood-water pours, is of cut stone set in the best cement. The face of 
the work may be perpendicular or nearly so ; the rear will be made into 
a long slope, which gives great strength to the work and protects the 
rear flooring from being ^injured by the water falling vertically on it. 
When, however, it is necessary to have a vertical fall on the down- 
stream side in any portion of the weir, either on account of sluices being 
fixed there or for any other reason, the flooring is carefully protected 
by large slabs of cut-stone laid on an unyielding foundation with fine 
mortar joints. In any case, the bed of the river is protected fop a con- 
si^rable distance down-stream from the action of the water at the tail, 
by a flooring of dry stone of the largest size procurable, and carefully 
packed by hand. The water will often work holes even in this, which 
have to be filled up with more stone, and this will often continue for 
several seasons before the work is safe. 

160. It will thus appear that such a weir requires the expenditure 
of a very large quantity of material, and that without the presence of 
an abundance of stone on the spot, its construction as above would not 

■ be feasible, or at least would be epormously expensive. Had such a 
work to- be made of brick, .the foundations would have to be much 
deeper, the body of the work would be of the best pucka masonry, and 

Q 
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similar amngements for the flooring and sides on the down-stream 
side as have already been described as necessary in the case of canal 
falls. 

161. The shallow foundations of these works are a peculiar feature 
in Madras Engineering, and a similar practice in bridge building has 
been already commented on in para. 131. In the case of anicuts, the 
arrangement is evidently only practicable from the long talus or slope 
of dry stone given invariably on the down-stream side of the work, which 
is free to fall in and 'fill up holes scoured out by the under-current, and 
is replaced continually by fresh renewals. A similar arrangement to this 
is the crib work of boulders provided so carefully on all the Ganges Ca- 
nal bridges. In the dry season, however, deeper foundations would pro- 
bably be preferable in order to prevent so much percolation below the 
weir, and the consequent loss of so much water. But in Madras, 
unlike Upper India, the crops raised at this season are far less valuable 
than those grown in the rains, and this^ difference necessarily produces 
a difference in the plans of the Engineers. There is also good reason 
for believing that the coarse sand of the beds of rivers in Southern 
India is much less disturbed by the action of running water, than the 
fine sandy beds of Upper Indian rivers. 

162. The weir now building at Okla, near pelhi, the head of the new 
Agra canal has even a bolder design, being actually constructed without 
any foundation at all. It is of cut stone laid in cement and well bonded, 
the lower course being simply laid on the sandy bed of the river. It 
has at present a thickness of 4 feet and a height of 5 feet, with a talus 
of loose stone both in front and rear, and has stood the effects of the 
heavy floods of 1870 uninjured. It is now to be raised to 9 feet, the 
talus in front being laid at a slope of 4 to 1, and in the rear of 20 to 1. 

163. As the water when it arrives at the head of these Deltas is 

much charged with silt, the effect of this upon the anicut has to be 
carefully considered. In the earlier works, a number of small sluices 
of about 2 feet in width were provided, through which the silt should 
be scoured, but their size made them quite ineffective, and Colonel 
Baird Smith has given it as bis opinion, that so long as a we|||ivre- 
ferred to an open dam, the elevation of the bed above, by th^Vosit 
of silt, even up to the level of the crown o( the weir, must be^Krded 
as a probable result and provided for, accordingly. pW 
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164. The following description of the Kistna anicut is extracted from 
the author already quoted ; — 

Nature has indicated by unmistakcablo signs, that the true position for the Kistna 
dam is ut Bezwarah, ai)out 60 miles from the junction of the river with the sea. 
Here there are two low hills, the last outlying spurs of the high lands to the north. 
Between them the river flows in a channel reduced to a manageable breadth of 1,300 
yards, but with a depth of water so variable that no single statement would give a 
correct view of it — rising as it does, during the monsoons, to between 30 and 40 feet, 
and sinking during the dry season to, perhaps 5 or C. The hills in the neighbour- 
hood of Bezwarah furnish an unlimited supply o^ stone for* building or protective 
purposes ; lime is readily procurable, as are all the other materials required for the 
work. The position is exactly at the apex of the Delta, and |the height is sufficient 
for purposes of irrigation. Its construction has presented some peculiar difficulties 
from the fact that the river is concentrated into a single undivided channel between 
the Bezwarah and Seetunagram Hills. It has, therefore, been necessary to work 
constantly in water, and the design of the dam has special reference to this necessity. 
It consists — 1st, Of a broad basis of the heaviest stone that eould be procured, simply 
thrown into the river and allowed as it accumulated to assume its own natural slopes. 
The exact length of this mass of stontfis 3,750 feet ; its breadth 305 feet ; its height 
in front, 21 feet above the deep bed, and 14 feet above the summer level of the water. 
It is faced along its entire length by a casing of stone masonry* 75 feet in breadth, of 
which the front curtain wall is 0 feet thick at bottom, 4 feet at top, and 14 feet high, 
resting on a double row of foundation wells which fill up the space between the deep 
bed and summer line levels, being therefore 7 feet in depth. The sill or wasteboard is 
20 feet in breadth, and 5 feet in thickness, 4 feet being of masonry and the upper foot 
of cut stone strongly bound thi'oughout with iron clamps. The tail of the masonry 
casing is a flat semi-counter arch with a half chord 50 feet in length, and a versed 
sine 10 feet in height, and this portion is terminated by a rear curtain wall running 
along the entire length of the dam, 8 feet in depth and 3 feet in thickness, embedded 
in the loose stone-work of the main body of the dam. At a distance of 50 feet from 
the rear wall of the casing, a second line of masonry, somewhat irregular in dimen- 
sions, but averaging about G feet in thickness and 5 feet in depth, crosses the work 
from right to left, acting as a retaining bond to the rough stone-work at the part most 
exposed to danger from the action of the current in floods. From this wall to the 
deep bod of tlio river, the slope is worked out by the aid of rough stone-work extended 
over a distance of 180 feet. 

At the right and left extremities of the dam, under-sluices arc provided for the pur- 
pose of scouring out the silt in front of them, and thus keeping an open channel at 
the heads of the irrigation lines. No under-sluices have been made in the body of 
the dam, and the filling up of the river-bed in front to the level of the erest of the 
work has apparently been accepted in this case os an inevitable result. The sluices 
above-mentioned are two in number, and similar in all respects. They are situated 
at the extreme limits of the dam, one at each flank, and consist of massive masonry 

9 

* This was not carried out, rouKli stone packing was substituted for the cut stone on the original 
drawing. -5 m Frofeseional Fapors, Sladras Engineers. 
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sfcrocfcurea founded on wells, in the usual native fa^ion ; each has 16 vents of 6 feet in 
breadth each, fitted with planks and machinery for opening and closing j the level of 
the flooring is 3 feet below that of the heads of the irrigation channels, so that when 
the vents are open, there will be a very efficient scour in front of them, and a deep 
clear channel maintained thereby through the light sandy deposits in front of the 
dam. The head-sluice of irrigation on the right of the river has fifteen openings, 
each 6 feet in width, with a clear height for the passage of water (as measured on the 
plans) of llj feet, exclusive of the archway. It may be assumed, however, that an 
average depth of 10 feet in the channel would represent the full supply of water during 
the season of irrigation, under the existing arrangements ; with the dimensions speci- 
fied, and a slope of about 12 incheg per mile, the discharge would be equal to nearly 
3,500 cubic feet per second, sufiieient for the irrigation of 140,000 acres of rice. On 
the left bank, similar arrangements arc made bj' a sluice of the same w aterway as above. 

165. Col. JBaird Smith thus sums up the ^ints of professional in- 
terest which he considers established by the success of the Cauvery 
works, above described : — 

1st. That the water of large rivers may be distributed between their 
branches in proportions sufficiently exact for practical purposes, by the 
use of dams at the points of separation, having their crowns at such 
heights as experience in each case may prove to be necessary. 

2nd. That the influence of such dams, judiciously established on the 
beds of the rivers, in regulating the currents, in equalizing the distribu- 
tion of deposits, and in maintaining the permanency of the sections of 
the beds, may be very beneficial. • 

Srd. That in rivers with beds of pure sand, and having slopes of 3^ 
feet per mile, such dams may he constructed and maintained at a mode- 
rate expense. 

4ith. That the elevation of the beds of the rivers above the dams to 
the full height of the crowns of these works, is an inevitable consequence 
of their construction, and that no arrangement of under-sluices has, as 
yet, been effective to prevent this result. 

6th. But, that where effective escapes are provided in the banks of 
irrigating rivers (like the Cauvery), the entire volumes of which are 
absorbed in irrigation, it is possible to prevent any injurious elevation ‘of 
the bed by sand deposits. 

6th. That in pure sand acted on by the current due to a fall in the river 
bed of feet per mile, and exposed further to the action of floods from 
12 to 15 feet deep, well foundations^ in front and rear, of G feet in depth, 
have been proved by experience to be safe. 

7ih^ That with a vertical fall in rear of the dam from 5 to 7 feet in 
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height, a thickness of 2 feet of brick masonry, and 1 foot of cut stone, with 
a breadth of from 21 to 24 feet for the apron, have proved sufficient to itu» 
sure stability, the only further protection required being a mass of rough 
loose stones about 9 feet in width and 4 in depth. As a rough general 
rule, it would seem that the masonry apron sliould have a thickness 
equal to half, and a breadth between three and four times the vertical 
height of the bar forming the obstructive part of the dam. The loose 
stone apron should at first have a breadth equal to one and a half times, 
and a depth equal to two-t'liirds the height of the dam. The action at 
the tail of the work leading to constant additions to the loose stone, 
soon deranges these proportions, and they are given only as guides in 
the first instance. 

8th, That the main security of the dam depends upon the efficient 
construction and careful maintenance of the apron. 

Qth. That in freshes, the dam speedily receives the protecting effect of 
a backwater on the apron ; the suTface level of the down-stream side being 
level with the crown of the work when the floods rise to 8 feet above ordi- 
nary low water, while beyond that depth, the fall over the dam gradually 
diminishes, till in 10 feet floods it has wholly disappeared, and scarcely 
even a ripple on the surface indicates the existence of the mass of ma- 
sonry below. , 

10th. That looking to tho cost of the works executed between 1836 
and 1853, and the increased area of irrigation due to them, the capital 
sunk amounts only to Ks. 6-8*0, or about 13s. per acre. 

11th. That after deducting every expense which the irrigation works 
of the Cauvery have entailed ou Government, the net returns may fairly 
be estimated at not less that 23^ per cent, on the invested capital. 

166. The works still in progress ou the Godavery are similar in 
principle (though considerably larger) to those already described. The 
following is a description of the Great Anicut at the head, upon which 
the whole system depends. 

The Godavery anicut consists of a masonry dam in separate portions, the united 
length of which is 11, 8(10.^ feet, or 3,9.>5.i yards, being very nearly 2i miles of river 
channel blocked up by a solid, substantial, w'cll-})rotcctcd mass of stone in lime ce- 
ment, or without it, according to position, having a total breadth of base equal to very 
nearly 130 feet, aud height of crest or sill 'equal to 12 feet.* The three main objects 

* The separate masonry portions are connected by earthen embankments, betweeh six or seven 
thouBuiid £cct in length, and protected at tho junctions by fully 2,500 feet in all, of masonry revetments. 
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of the dam— clearance, irrigation and transit— are provided for by three separate sots 
of works, one on each mainland flunk, and one at the head of the central tract. The 
nbdcr-sluices discharge the necessary functions of the first object, the head-sluices 
those for the second, and the navigable canal and locks those for the third. Along 
the entire length of the masonry dam is carried a line of cast-iron uprights about 6* 
inches square, and 8 or 10 feet apart, having grooves on each sides for the reception 
of 2^ feet of planking, whereby the water can be retained to that height above the 
sill during the dry season, and a larger volume be thus thrown into the irrigation 
heads. 

The irrigatiag cha'nnels are,, or will be, carried along the subsidiary 
ridges by which the Delta is intersected, and the water is at a suffi- 
ciently high level for surface irrigation everywhere. 

167. Instead of the small sluices provided, as in the Kistna, and 
other anicuts, a larger kind of sluice on the Prench pattern has lately 
been successfully employed on the Mahanuddy anicut in Orissa.^ 

The centre sluices are divided into ten bays of 50 feet each by piers of 
masonry. Each bay is closed by a double row of timber shutters, which 
are fastened by wrought-iron bolts and hinges to a heavy beam of tim- 
ber embedded in the masonry floor of the sluices. There are seven upper 
shutters and seven lower or rear shutters. The latter are 9 feet in 
height above the floor, and the former 7| feet. 

During floods, therefore, the upper row of shutters, which fall forward 
is fastened down by clutch gearing in an almost horizontal position, 
while the rear set of shutters, which fall backward, is kept during flood 
in a horizontal position by the water rushing over. 

During the summer season, these rear shutters, have to do the duty of 
damming up the water, and for this purpose they are provided with 
strong wrought-iron stays or struts attached to them behind, or on their 
lower side. As it would he almost impossible, however, to lift these 
back shutters with a depth of 51 feet of water tearing over them, the 
upper shutters are so constructed as to render this a matter of com- 
parative ease. As the upper shutters point up-stream, the natural 
tendency of the powerful current passing over, is to lift them up. By 
simply unclutching them, therefore, they immediately rise and dam up 
the water, being retained in position by two sets of chains, which take 
the strain off the hinges. The wat^r being thus dammed up, the back 
shutters are easily lifted, and permit in their turn of the upper shutters 
being lowered forward into their horizontal position. 
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Tlie Superintending Engineer, Mr. Walker, in reporting on tbera 
considers it is established — 

\ist, — That with the shutters constructed on the French pattern, anti with a head 
or i)ressure of between 6 and 6 feet, 500 lineal feet of shutters can bo 
easily lowered in one hour. 

2nd. — That, under the same condition, an equal length of opening can be closed in 
25 minutes. In closing, the shutters may be said to be self-acting. 

^rd . — That when the back stays are released, the falling shutters are received upon 
a cushion of water in time to prevent any undue concussion. 

4^ A.-—That the action of the water in lifting the upper shutters brings no excessive 
jerk on the chains ; but that it is advistlble that chains have an adjusting 
screw fitted on, so as to make the strain perfectly uniform. The shutters 
were brought home in a current of 10 feet per second. 

}jth. — That three men can knock away the back stays with a pressure of between 5 
and 6 feet with case and security. 

Qth. — That twelve men are necessary to lift each of the back shutters into position.* 
168. ‘The following is a Memorandum by H. C. Levinge, Esq., Chief 
Engineer, East India Irrigation and Canal Company, on the projected 
Anicut and Canal from the Soane in Behar. 

Animt. — The position determined upon for the anicut is 2,000 feet above the cause- 
way at Dehree, The level of bed of the river at the place selected may be taken 
at 301, and the anicut being 8 feet high, the level of its crest will be 300 00. The 
length between the abutments is 1 2*550 feet, or 2*35 miles ; it will be provided wdth 
three seta of undcr-sluices as shown on the drawings, each 500 feet in length : one 
set on either flank, and one set in the centre of the river. The drawings show the 
latter only provided with folding back-shutters in bays of 50 feet, but should the ex- 
periment with these shutters now being tried at Cuttack, in the centre sluiccsf of the 
Mahanuddy Anicut prove successful, I propose substituting them for the ordinary 
ones on both sides. There can be no question as to their much greater elliciciicy, the 
numerous piers in the ordinary sluices proving a great obstruction to the flow of the 
water. 

Discharge of Soane. — From a careful cross section of the river taken at Dehree, 
and from the reliable flood-level of September 1864 (the highest on record) cut on the 
cause-way at Baroon, the discharge of the river has boon ascertained to be 1,026,172 
cubic feet per second ; the mean depth at highest flood being 11'64 feet, and the 
breadth between the banks 12,400 feet. 

Calculation of discharge over weir. — The depth of water over the weir in times of 
highest flood will be 6J feet. From the formula, D = 3*5 x I dsf d -J- *03511;*+ 8‘02 
y, I d + •0153w*, the afflux will be found to be 1 foot 3 inches. 

Read-sluice. — ^The head-sluices on either side are designed to discharge 4,500 cubic 
feet per second, with a head of 4 inches, and depth of water 9 feet ; they consist of 
24 vents of 6 feet wide each ; the shutters will bo raised by a traversing hoist, the 
design for which has not been prepared as yell 

■ Set No. COLXII. of Professional Papers [First Series], and Correspondence in NumlSer 
t Described above, and wbicb have provctl quite successful. 
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Head The locks are to be 160 feet in length, and 20 feet in width inside 
the chambers. 

169. Western Main Canal— This canal, destined to convey irrigation water to 
the District of Shahabad, will have to carry up to the place, where the Arrah Branch 
is thro^vn off, 4,500 cubic feet of water per second for the irrigation of 1,200,000 acres ; 
this at first sight may appear a small quanti^ fcfl? !l^ if^fttion of so large an area, 
but it must be recollected that only abotlt one-half i# 
est demand for water is likely to be fcff the rice-erop to 
this the canals arc designed, the supply in the rim at th^.1^ t^ 

being always abundant. ' ^ ' , 1 ,^^ ’"'" 

Dimensions of Canal —The dimensions of thecwal at starting wiU hO as : 

—Breadth at base, 180 feet ; depth of water in full supply,© feet* fall pet'WjW' 
6 inches ; side slopes, 2 . 1 ; at the 5th mile, the Arri**‘3raiich srtll 
taking one-third of the whole, or 1,500 cnbie feet per second, living::©, 000, onra};- 
feet per .second to be earned on to the 12th mile, whOre the ipaxar Snil 
branches will leave the main line. From the point wjiere the Aifah Brahtih is jlhrowa^ 
off, the breadth of the canal will be reduced from 180 feet at base to 124;,fe6t^flto,fjilV 
and depth of water being the same. The Baxar and Ohowsa branches Ofl^' 

1,256 cubic feet jicr second for the supply of 335,0p0 acres ; the quantity remaining ’ 
to be earned forward by the main canal, therefore, is 1,744 cubic feet pc* seeoad ; 


the width of canal will be reduced to 100 feet base^ and the foil to 1^ inches per mile. 

Arrangements for regulating level of water in canal . — As the ground falls rapidly 
soon after crossing the road, it will be advisable, in order to avoid a l<mg circuiit which , 
would have to be made if the contour were followed, to cqnstrnct a lock oh the main 
line of canal somewhere near the Koodra ; probably justheyond it will be the best^' 
place, so as to keep the advantage of level to cross that nullah. At thj^ lock, a 
waste-weir must be constructed, the level of the top of the hoarding oh which will hQ 
30C 00 above datum. The object of this is to impound the water for navigation wli'e^ 
necessary, so that, when the supply coming down the canal is small, there will hlwdys 
be 5 feet on the sills of the hcad>lock. It is obvious that the top of the boarding of 
the waste-weirs of the first lift-lock on each of the branch eanals to Arrah^ Bh^cai* ^ 
and Chow'sa must he of the same level ) the boarding on ^ all these weirs wUl 
movable, plank by plank, so that the level of the watet can always be regulated aocar^^'^ 
ing to the supply coming down, the length of the weirs beiog Caleula^ to discluhgeV. 
the full quantity at 4 feet in depth running over the crest, ' 

Cutting at head of canal . — It will be seen, by a referencfijo the Sfif^on, tiiat the* ' 
cutting at the head of the Western Main Canal is very heamBind that the wate^ WiU 
not reach the surface till the 5th mile of tiie canal is passed is intended, 
at first to excavate the canal with a base of 50 feet only, so as to get the water out on 
the surface as early as possible, according as the branches are j • - 

the head of the canal can be widened. : , . ' , 

Course of canal beyond Sasseram . — As the levels from Chnnar have now 
nected^up to the Soane at Dehree, the fact has been established that the level of the 
country at the foot of the hills at thp former place is 50 feet below the bed of the 


• Tbe greatest demand for water will be during the rains, as above stated, at which time there 
will always be at least one foot of water running over the Anicut ; and, therefore, 9 feet of water 
in tiic canal. 
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Hver at Dchreo. The course of the caual is clearly defined } skirting the foot of the 
hills the whole way, passing south of Chynepore, and through the rocky pass at Ghate 
Bhurganwan, it will cross the Kurumnassa near Kysoa, and drop into the Jurgo near 
Chunar. 

170. Drainage crossed.^The Kao . — The principle drainage on the first 21} miles 
of the Western Main Canal is the Kao : this nullah is subject to violent floods, as may 
be expected from the rocky nature of its catchment basin ; there is a curious feature 
in this stream, viz., that before emerging on the plains, its water in times of high 
flood divides into two portions : one forming the Koodra runs westward, passing 
south of Sasseram, while the main stream of the Kao continues’ its northerly course : 
the Koodra seems to be an escape, the level of its bed being much over that of the Kao 
in times of high flood. About one-third of the whole stream, I should say, finds its 
way into the Koodra. I have thought it right to disregalrd this overflow, and provide 
water-way for the whole area drained by the Kao. The calculations for the area of 
water-way are founded on the supposition that two-thirds of a rain-fall of 9 inches 
in^24 hours will have to be carried oflt through the arches in that time, at a velocity 
of 8} feet per second. The area of the catchment-basin of the Kao above the canal 
crossing is 67 square miles, so that 1,103 square feet of water-way will be required^ 
or, say, 20 openings of 54 square feet each. 

Description of syphons . — ^From the level at which the stream is crossed, it will be 
necessary to put in syphon culverts, and as the stone in the neighbourhood is so 
magnificent, and procurable in such large blocks, I purpose covering the syphons over 
with fiat stones instead of arching, securing the stones to the foundations by holding- 
down bolts. 

Width of canal . — The width of the canal over the syphons will be reduced to 90 
feet, which will give a velocity of about 3| feet per second. 

Other drainages j inlety and escape at bth mile . — There are no other drainages of 
any importance to be provided for. An inlet and escape will be constructed at tho 
6th mile of the canal, just beyond the off-take of the Arrah Branch : this will drain 
as near os I can ascertain 5 square miles of the flat country ; and, as the cultivators 
impound most of the water falling on the plains for irrigation, I consider it will be 
sufficient to allow for a rain-fall of \ inch per hour being carried off ; this will give 
a length of weir of 40 feet, the water running 2 feet deep over the crest. It will be 
observed that the level of the ground is almost the same as the canal water ; and as 
that entering the canal from the fields is only surface rain-water, no silt will bo 
carried in. 

Design for inlet and escape . — I have designed a drop-wall and floor, but such is 
hardly necessary. If tho bed slopes of the canal were paved with rough stone, it 
would be sufficient protection against erosion ; but as piers and abutments must ba 
built to support the bridge for the towing-path, the addition of the drop-wall will bo 
but trifling. 

Inlet and escape at the \2th mile of caraaZ.— Another inlet and escape precisely 
similar will be built at the 12th mile of the canal. 

TVao syphon culverts . — Two syphon cufverts of four arches each, of the same 
dimensions as the Kao Syphon, will be constructed at the 870th and llOOth chain 
of the canal, respectively, to carry off the drainage-water between Sasseram and the 
canal. 
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171. BfUiget.'^jRhotas Roa4 Bridge.— ThQ head-way under all bridges on the 
T^ouB <»aals will be 15 feet. The first will be built to carry the Bhotas road over 
tile canal at the 23rd chain ; it will consist of 3 spans of 50 feet each, with a road- 
way 15 feet wide between the parapets. 

Other road bridges.— Tha same design will answer for the Sasserani and Nassree- 
gunge Road at the 300th chain, for the Sasseram and Arrah Road at the 84oth chain, 
and for the Sasseram and Buxar Road at the 999th chain, and for any other second 
class roads that it may bo found necessary to carry over the canal. 

Grand Trunk Road Bridge. — For the Grand Trunk Road Bridge, a similar design 
has been made, the width of roadway bdng 20 feet instead of 15 ; this is the widt^ 
of the large bridge now being built at Sherghotty by the Public Works Department, « 
The canal crosses the Grand Trunk Road at one mile from the head at an angle 
61° ; instead of diverting the road, I have designed a skew-bridge, and considerinf^ 
that building material is so good, there will be no difilcnlty in constructing it, though; 
the angle is somewhat sharp. 

172. Eastern Main Canal. — The Eastern Main Canal has been laid out for TOi 
miles only : it has been designed to convey water for the irrigation of the wWe area 
to Monghyr, and to that place it must some day be extended) though at present the 
limits are restricted to Patna. The area of tibuntry to be supplied with water being 
about the same as on the western side of the Sdano, the canal will be constmeted of 
the same dimensions, depth and fall per mile. 

Patna Branch.— Tho Patna Branch will be thrown off at the 4th mile of the canal, 
and will take 1,600 cubic feet per second for the supply of 850,000 acres. 

Eastern Main Canal, 4 to 10^ miles,— From the 4th to the 10} mile, the dimensions 
will be, base 124 feet, depth 9 feet, side slopes 2*1, fall per mile 6 inches. 

Poon-Poon. — The principal drainage to be crossed is the Foon-Poon ; the place 
selected for crossing has been carefully determined with reference to the following 
consideration ; first, that the highest known floods of the Poon-Foon i^uld not rise 
on the masoniy of the aqueduct above the level of the bed of the canal ; second, that 
the embanked approaches to the aqueduct should not he unduly high ; and third, that 
the stream should be crossed at a convenient place, and square to the line of canal ; to 
attain these objects it has been found necessary to mako & considerable detour, aUd to 
go below the junction of the Byturnee and Ppon-Poom 

Size of aqueduct. — The area drained by these two rivers above the crossing of the 
canal is 874 square miles, and water-way to the extent of 7,240 square feet should bp 
provided to carry off two-thirds of a rain-fall of 9 inches in 24 hours (as much as is 
likely to fall over so large a catchment basin in that time) at & maximum velocity of 
8} feet per second ; this will give 17 arches of 80 feet ; ia allowipg 20, 
ample provision has, 1 think, been made. 

Foundations. — ^The foundations of the aqueduct will probably be found tot.ba liard 
clay, but this cannot be positively determined till a careful' mniinatiCHi Of tjle bed 
of the river has been made and trial-pits sunk } shooh} it ^andnal^ lum out tb 
be sandy, wells will have to be sunk. , -n «r ■ \ 

Width of canal over aqueduct .— Ckmil will UtlllOed toflO la 
the aqueduct, as in the Kao Syphon on the Western Main CanaL 

178. Drainage near Baroon.—Tho small nnllali that is crossed and re-crossed by 
the canal near Baroon will be diverted into its old course by a new cut, and wil) be 
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passed under the Grand Trunk Road by a bridge of three 10-feet spans. The pre- 
sent bridge consists of 3 fifteens, which is unnecessarily large for the area of country 
drained by the nullah. 

Drainage for lank of Soane.— Tht drainage water from the high ground on the 
bank of the Soane will be passed under the Patna Branch Canal by a syphon culvert, 
and led into the Poon-Poon by a side drain parallel to the main canal. 

Arrah and Patna Branch Canal . — Neither of these canals has been staked out 
though their course has been determined, the Arrah Branch to near Nassreegunge 
and the Patna Branch to Daoodnuggur. The position of the first lift-lock in each 
has been fixed, so that there will be no delay in submitting the plans as soon as the 
necessity for so doing arises. 

174. Quarries.— ThSi position of the quarries has been selected, and the line of 
tramway surveyed and levelled. It was at first contemplated to open the quarries at 
Muhesdeeh, but on trial the quality of the stone turned out to be inferior ; it was, 
therefore, determined to revert to Dhadhand, — a well known quarry, where the stone 
is of excellent quality, and can be had in blocks of any size and thickness. 

An experimental opening is now being made on the face of an outlying hill in the 
line of tramway to Dhadhand, and it is expected, from what has already been seen 
that the stone will turn out of good quality. Being only 5 miles from the anicut, I 
purpose 'getting the great mass of rubble atone from there, and the cut-stone only 
from Dhadhand, which is I J miles further 

175. The actual amount for which sanction is solicited is lls. 52,80,870, exclusive 
of plant ; made up of the following items 


fis. 

Anicut and head-works, . , . • . • . . . • 21,07,700 

Eastern Main Canal, .. .> 10,26,980 

Western „ ^ 16,60,550 

Tramway, ». 1,55,640 

Bungalows, workshops, offices, store-room, &c., .. .. 4,30,000 

62,80,870 


The whole area under command will be about 3,600 square miles, of which 2,400 are 
on the west, and 1 ,200 on the cast bank. 

The culturablc area is taken at 500 acres per square mile, and it is proposed to 
give the channels capacities suitable for the supply of half this area during the 
monsoon ; that is, for about three-eighths of the whole area, at the rate of one cubic 
yard per hour per acre, or one cubic foot per second for 133 acres. 

The anicut is planned on the model of the one at Cuttack, which I believe, has 
stood well. The Soane differs from the Himalayan rivers generally in being confined 
withiq a permanent channel, so that no flank defences of any importance will be 
required. 

The length of the work will be 2J miles, and the estimate, exclusive of contin- 
gencies, amounts to about Bs. 14,00,000, or about Rs. 110 a foot, which 1 conaider 
very moderate. 
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176, It may be seen from what was said in Chapter II., of the dif- 
ference between the physical peculiarities of Northern and Southern 
India, why the Madras system is not applicable to the former country. 
The Inundation Canals already described are, it is true, similar to those 
emplc^ed in Madras, but it would rarely be feasible to construct an anicut 
to secure to them a perennial supply of water, simply because the enor- 
mous expense to be incurred, owing to the great breadth of the river, 
and the absence of any material except brick, would not be compensa- 
ted for by the small benefit secured. On this point the late Col. 
Anderson may be quoted (hnuself a Madras Officer, and who had had 
experience of both systems : — 

“ To make the conditions in the two cases at all similar, it will be 
necessary to confine ourselves to the * khadir ’ lands, or in other words to 
the tract of country along each of the rivers in the North West Provinces, 
which is within the inundation limit. But I have explained {hat the 
‘ khadir * land is generally of insufficient width to furnish room for a first 
class canal : and, moreover, the fact of the width being inconsiderable, 
implies that the water in the wells is influenced by the proximity of the 
river ; and as the cold weather level of the latter is not above 15 feet 
below the lip of the channel, and is less than that below the level of 
the ground at a little distance from it, the cultivator could never be 
in any straits for want of water. As n rule a great part of the ‘ khadir * 
land is inundated during the floods, and the wheat which is sown on the 
saturated ground on the subsidence of the inundation, requires no fur- 
ther supply of water to bring’Vw to maturity. There are generally some 
slight showers of rain in the winter, but at' the worst, if this aid fails, 
the people can have as much water as they like at the depth of 10 or 
15 feet below the surface of the ground. 

177. “ Of course the further the ‘ khadir * land recedes from the 
river the more will the advantages above described be absent. The land 
will not be inundated, and the depth of the wells will gradually increase 
with the distance from the river. It would be difficult to define the 
limit at which irrigation from wells becomes unremunerative. Much , 
must depend on the rent to be paid, but still more on the aid derived 
from rain. In the lower parts of the Punjab, the fall of rain is very 
precarious ; still there are always a few showers during the year : and in 
the winter there are heorvy dews which roust supply its place in a measure. 
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Blit taking tilings as they are, 1 should say that cultivation languished 
when the dept.b of the water in the wells below the surface of the ground 
exceeded 25 feet. This depth is attained at the distance of 5 or 6 miles 
from the river ; and at the distance of 25 or 30 miles from the rker, 
that is, on the extreme limit of the western khadir of the Sutlej, the 
depth is 50 or 60 feet, and in some places even more. 

“ Here then we have at least one tract of khadir land, which would 
admit of irrgatiou on an extended scale, and a similar strip of country 
exists on both sides of the Indus, both in Scinde, and in the provinces to 
the north of it. I am not aware of tliyere being” any other tracts of 
country along any of the Himalayan rivers, at all events of equal im- 
portance, in which the same want of artificial irrigation is experienced. 

** The maintenance of the inundation canals is expensive, and the 
irrigation is partial, and dependent on mechanical aid. It would seem 
desirable, therefore, to ascertain if there is the means of making the 
supply perennial, and of constituting existing canals into branches of 
larger channels which might bo opened at some favorable point higher 
up the river, and run nearly parallel to it, with the water on as high a 
level as might be wished. 

178. “ The only means of accomplishing this would be by construction 
of masonry works across the channels, and by extensive flank defences 
to prevent their being turned. The Madras anicuts have been so success- 
ful in positions, where, not many years ago, most Engineers would have 
anticipated nothing but failure, that one would naturally turn to them 
as the model to be followed on the rip^r.-s under consideration. 

“ The chief difficulty would be, not to give a work sufficient strength 
to withstand the floods, or to protect it against a flank movement of 
the river, but to construct it at all. The Glodavery anicut was closed 
when there was a considerable body of water in the river, though not 
without great difficulty : but there were stone quarries at no great dis- 
tance from the work, and the only practical difficulty was to have a 
sufficiency of boats, waggons, and cooHes to bring the stone to the spot. 
But bad there been no quarries, how many brick euhes would have 
seived to make up for the want of them ? 

** I may remark, that unless tb§ channel is confined within a rocky 
gorge, so that the width of the stream in the dry weather, is not material- 
ly less than in the rains, the simple contraction of the water-way will 
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not be flufficieot to ensure a supply lo channels on either side. Many of 
the Indian rivers could not be contracted by artificial works — at places 
where they pass through alluvial soil or sand, to much under the width 
of a mile, while in the dry season, the width of the stream might not 
exceed one quarter of a mile. On the subsidence of the river, the heads 
of the canals, on one side or the other, would be liable to have a sand or 
mudbank, three-quarters of a mile in width between them and the river ; 
which in all probability, it would be physically impossible to cut through 
in time to prevent the destruction of the crops. 

“ It might be possible by system of groynes, to obviate the occur- 
rence of the serious inconvenience I have described ; but they would be, 
at best, a very imperfect substitute for a dam, and could do nothing to 
raise the water when it might have fallen to an extraordinary low level. 

The construction of such a dam across that river must of necessity 
be a very expensive work. No material but brick would be procurable 
unless for coping, grooves, and other work in which stone might be 
considered essential, and every cubic foot of it would cost about a rupee. 
Tiven bricks would cost 14 or 15 rupees a thousand, if not more ; and 
for the enormous quantity that would be required, it would be difficult 
to get sufficient fuel, at any price.”* 

179. Mevenue of Madras canals, — Water-rent is not levied on these 
canals as in Upper India, but the land irrigated by them is charged at a 
higher rental, and the increase credited to the Canal Department ; another 
great advantage enjoyed over these canals in these provinces is, that the 
Madras canala are opened out Uy degrees, while the Ganges and other 
canals are nearly completed before any water is thrown into them. In 
the one case, after an anicut has been completed, and a command over 
the water in the river thus obtained, the water can be turned to use by 
the simple excavation of channels in different directions. The depth of 
excavation at the heads of the main channel may be considerable, but it is 
generally practicable to excavate them to the capacity required to deliver 
a supply of water sufficient for the immediate wants of the district, 
daring the period occupied by the construction of the anicut which will 

p 

» For the tract above described a project for a dam to secure a perennial supply to the Upper 
Sutlej Canals was prepared and sent to Government some years ago. Nothing has yet been done 
however, It was suggested by Col. Dyas, then Director of Punjab Canals, that such a dam might 
advantageously be combined with the Railway Brugge which was theu piojocted In that neighbour- 
hood. 
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probably not exceed 3 years. Sluices and other masonry works will 
be required also, but on some if not all of the projected lines of channel, 
their progress will keep pace with that of the anicut ; and there are 
generally existing channels, — natural or artificial, — which may be used 
temporarily, if not permanently, to distribute the water in different 
directions. 

Purther, in every part of the Madras Presidency, there are a number 
of rain-fed tanks, the revenue derived fro,pi which may bo liable to un- 
dergo extraordinary fluctuations, owing to the uncertainty and insufficien- 
cy of the supply. The cultivation then becomes a lottery ; it may be 
profitable or it may not ; but the cultivators, though they may be ready 
to run the risk of losing a portion of their crops, will be obliged to 
refrain from cultivating all the land under their tanks, though if they 
could secure a good season, they would be only too glad to do it. The 
addition of the water supplied by means of the anicut channels to such 
tanks, would have the immediate effect of securing the revenue and of 
giving confidence to the people. 

Even with an expenditure of 20 lakhs of rupees, which is more than 
would be required to bring an anicut and channels on a large scale into 
operation, it will be readily understood that an increase pf revenue suffi- 
cient to constitute tliem remunerative works, or a return of 5 per cent, 
might be realized almost in the very first year, during which a supply of 
water is provided. Direct irrigation by means of small channels would 
be carried forward at the same time ; and as the demand for water in- 
creases, there is comparatively little to be done, beyond increasing the 
capacity of the main channels for a few miles from the heads. 

Thus, the Delta projects in the Madras Presidency provide in the first 
instance for the supply of water sufficient to place existing cultivation 
in a state of security, and for a moderate extension of irrigation to new 
land ; but they admit of expansion, until they comprehend the whole 
of the country which can be brought within command of the water. 
The^system must be considered to be practically a very perfect one. 



CHAPTER XI. 

. IRRIGATION TANKS. 

180. A TANK for irrigatiou is formed by an embankment thrown 
across a line of Drainage so as to collect the water on the upper side, 
which is then drawn off for Irrigation purposes by means of sluices and 
ebannels. 

Tanks are of several kinds. 1. Where a bund is thrown across the 
gorge of a mountain pass which is the bed of a torrent, thus forming a 
lake enclosed by the rocky sides ot the pass. 

2. Where a natural hollow in the ground outside the hills is made 
into an artificial lake by closing up all places where the water can make 
its exit ; such a hollow may be a very small, or may be a large natural 
basin drained by a stream or nullah ; and the supply for such tanks 
may depend entirely on local rain, or on strea;ns swollen by rain in the 
hills above. Or, as is often the case, the tank may be filled by a cut 
from a neighbouring stream, not running through it. 

3. Where artificial side walls are required as well as the front wall, 
to enclose the water — in consequence of there being no natural hollow, 
but merely a continuous slope of the ground in one direction. 

It is evident, however, that these three kinds are merely modifications 
of each other, depending on similar principles for their construction, and 
which may be treated of collectively. 

181. In designing a tank, when the source of supply has once been 
ascertained, the first point to be determined is the position of the bund 
by which the tank will be formed. Other things being equal, it is evi- 
dent that the narrowest part of the gorge or hollow should be chesen, 
BO that the length of the embankment may be as short as possible — and 
in most pasea this will be found to be the best site. But it is also to be 
looked to that this bund shall hold up the greatest quantity of water 
possible, and this may in some cases modify the actual site of the em- 
bankment. It is evident that the amount of water so held up will 
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depend on the area covered by the water and its depth. This depth 
again will depend on the height of the embankment and the slope of 
the bed of the tank — for the water can nowhere rise higher than the 
lowest part of the top of the embankment (natural or artificial) which 
dams it up, but will then, if the supply be continuous, escape at that 
point. Sometimes, therefore, it will be found that a bund at some other 
spot than the narrowest may give a larger area or greater depth above 
BO as to hold up such an additional quantity of water as will amply re- 
pay the cost of the increased length of the bund. 

Other points to be taken into consideration in selecting a site 
for an embankment are, the relative level and position of land 
to be irrigated, the quality of soil for foundations, and the proximity 
of stone and lime, fuel and water, for the supply of the works when 
in progress. 

182. Briefly, the indications most favorable to the construction of 
a tank-embankment may be thus enumerated : — 1st, A channel bring- 
ing down an ample supply of water; 2nd, For the bed of the tank, a 
broad expanse of nearly level land in front of the embankment, having 
a slight dip towards the latter ; 3rd, That the land to the rear be of 
greater extent than the bed, and slightly h»wer in its level, in order 
that every portion of it may be irrigated through masonry sluices con- 
structed in the embankment, and communicating with earthen channels 
leading to each field ; 4th, A rocky foundation at little depth from the 
surface; 5tb, That water be procurable from the bed of the water- 
course, or from a well, for the use of the work and work-people ; 6th, 
That stone, lime, and fuel be within reasonable distance. 

It will rarely happen that all these advantages are offered at one 
locality. The main object of the tank, it is to be recollected is the 
irrigation of the land to its rear. A careful survey of the proposed 
site should be made, including the levels of the intended dam, and of 
the land to its front and rear. The elevation of the embankment, and 
the area of the bed to be submerged, may then be adjusted and deter- 
mined, and an opinion as to the irrigative powers of the tank, in refer- 
ence to its depth ajid expense, may be formed. The expense of the 
work is then to be contrasted with the probable return from the ir- 
rigation of the land in rear, from the growth of luxuriant crops in 
the bed after the withdrawal of the water, and from the more indi- 
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FSet arifliiig the taultiplication of wells supplied by fil- 

tration from the tank. 

183, It next becomes necessary to determine in what way the surplus 
water that may be thrown into the tank shall escape. 'If there is perfect 
control over the stream by which the tank is fed, the water may be turned 
off when the latter is full, by means of a sluice at the head. This, how- 
ever, will not often bo practicable, and in any case, an escape must be 
provided from the tank itself for the surplus water. This may be allowed 
an exit in two ways; either by the dam itself or by a side channel, ar- 
ranged so that the surplus water shall flow down it as soon as it comes 
nearly on a level with the top of the embankment. If such a channel 
can be provided at a moderate expense, it is always the preferable me- 
thod, as there is then no danger to the dam from the shock of water 
falling over it— nor of silt or boulders accumulating in the tank, nor of 
the irrigation channels and sluices being injured. 

But in many cases, especially where tfie tank is formed inside the hills, 
tbe expense of cutting such a side channel would be too great, and the 
only passage for the side water must be by the dam itself. To effect 
this, flood-gates must either be provided, or the water must pass over 
the whole or part of the dam. In peculiar cases, the former method may 
be allowed, but as a general rule, the latter method is preferable, as be- 
ing self-acting. If the dam is of no great length, and can be made of solid 
masonry throughout, then the whole of it can be arranged as an overfall. 
If BO large an escape is not required, and the embankment is of earth 
for tbe greater portion of its length, then a portion of the dam must be 
built of masonry (the top being two or three feet lower than that of the 
earthen embankment), and will serve as an overfall or waste weir. 

184!. Such are the general principles of these works — we may now 
enquire further into the details of their construction. 

Tbe thickness of the embankment must of course depend on the na- 
ture of the material, as well as on its height, and the violence of the 
stream that has to be arrested. In damming up a hill torrent, boulders 
will generally be found in sufficient plenty to yield abundance of lime 
and stone, and if fuel is cheap and water at hand, it would be better to 
make the whole bund of pucka boulder masonry. If not, then the por- 
tion forming the overfall must at any rate be so constructed, and the 
remainder may be made of dry boulders with a long slope on each side 
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and a thin pucka wall in the centre to prevent leakage. The thickness 
ehoul^f course decrease from the bottom to the top, and that portion 
over which the water is to pass, especially if it is to be of any great 
height, should be raised bit by bit, in successive seasons, and the water be 
allowed to flow over it freely. It will thus have time to consolidate, and 
its strength be satisfactorily tested. The foundations should be carried 
down to rock if possible — or at least to firm soil. If this is not found 
at a moderate depth, an artificial foundation of concrete or rubble ma- 
sonry may be formed. The superstructure should -be carried into the 
side rocks to prevent their being turned. The shape of the waste-weir 
may be perpendicular on the water side, with a long slope behind for 
the water to flow over, and the flooring protected in the usual manner. 
Additional strength is sometimes given to such massive embankments 
by throwing out bastions, at intervals, on the water side. One or two 
of these can be made hollow to contain the sluice which can be worked 
from the top, and spiral steps may be made inside to descend into the 
water, 

185. Where the supplying water is less violent, and in the case of 
tanks outside the hills, such extraordinary precaution and solidity of 
workmanship are of course not requisite. Boulders, too will be scarce 
or perhaps wanting altogether, — ^so that earth, bricks, and perhaps 
brushwood and piles,’ will have to be the materials employed. The 
earthen embankment must of course be made very massive, and if it can 
be protected from the action of the water by a thin wall of pucka 
brick masonry or dry stone it will be' as well. If not, it should be well 
turfed or defended with piling and wattling. Of course no part of the 
earthen embankment can be used as an overfall, but if there is no 
separate escape for the surplus w^ater, a portion of the embankment 
itself must be made of masonry to act as an overfall. 

186. Annexed is a Plate showing the sections of several famous 
Dams, and a calculation is given of the necessary thickness to be given 
to one of them, which will serve as an example for others of a similar 
kind plsowhere. 

Calculations showing the Stalilifg the Masonry dam across the Biver 

Moota» 

Extreme depth or head of water, during heaviest flood, 85 feet. 

lieight of dam, without parapet, 88 feet. 
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Thickness at base = 0*66 of head of water. 

Thickness at highest water or flood level = 0'25 of thickness at base. ^ 

Batter on water face = ^^yth of height. 

Batter on rear face = -j^-ths of height. 

Weight of one cubic foot of water = 62*32 lbs. 

Weight of one cubic foot of masonry = 150 lbs. 

First, to find the centre of gravity of the figure. 

The centre of gravity of the paralellograni ABEC is at P its centre, and 44 feet, 
or half the whole height, from the base. 

The centre of graA'^ity of the triangle BED is at Q, which is one-third of the whole 
height, or 2t) 33 feet fiom the base.^ 

Join PQ, and through Q draw the horizontal line HQ ; from P let fall the perpen- 
dicular PF, to meet HQ in F. 

Then to fix the position of O, the centre of gravity of the whole mass of masonry, 
we have — 

PO X ABEC = QO X bed 

= (PQ - PO) BED (L) 

By finding the value of PQ, and the areas of ABEC and BED, we shall obtain the 
value of PO, and then of OQ. 

Now PQ = VPF- + FQ" = V JL)^ -f (HQ"- HF)^ 

= -h (22 62 — (2-93 + -1 x l6'^ - ^ x 4^'])> 

= 22-15 

Next the area of ABEC =: 10 56 x 88 = 920-28 
and the area of BED = 18*1 x 88 = 1592'80 

Substituting the values now found in equation (1), wc have — 

PO X 929 28 = (22-15 - PO) 15‘‘2 8 
whence PO = 13 98. 

and OQ = PQ - PO = 22-15 - 13-98 = 8 17. 

The weight of the wdiole mass of masonry, assuming that one foot m length of 
the dam is taken into consideration, wMl-be 

2522 08 X 1 X 150 tbs. = 378312-00 lbs. = W, 
and it may be supposed to act at N in the vortical line dropped from the centre of 
gravity of the whole mass, O. The jircssurc of the water will be 
85 1 X 42-5 X 62 32 lbs. = 225395-86 lbs. 
and will act atM, at a distance of onc-third of the whole depth from the bottom, and 
in a direction perpendicular to the face of the w-all. 

This force may be supposed to act at N, -where its direction is intersected by the 
vertical ON. 

To facilitate the working out of the result, resolve the pressure of the water, which 
may be called P, into two forces ; one, W', vertical ; the other P', horizontal, at N. 

Complete the parallelogram NVTU. 

Then NV = TU = NT sin TNU. 

Now sin TNU = sin CAJ = = 0*05 

Therefore NV = 0*05 X 225395*86 11269*79 = W'. 

and NtJ 5= P' = s/ (225395*86)’“- (11269*79)> = 225113*93. 
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The forces acting at N will thus be W + W' in the direction of the vertical OS, 
and in the direction NU. 

Complete the parallelogram NSRX, making NS and NX proportional to the forces 
W + W', and P' respectively. 

W + W' = 378312-00 + 11269*79 = 380r>81 79. 

and P‘ = 225113 93 


Now SN : SR w + w' : p* :: 389581 79 : 22511393. 

. QT? _ SN X 225113 93 
“ “'389511 79 

audSN = SY - NY = 29-33 - (Ja + aN) = 2933 - (I + flN) 
Again aN = x aM = 2 V CHI'' + ^ X 1) 


— 2 V (ii'28 + 


44 - 29 33 
20 


+ + ^V) 


and FY ; FQ : ; PO : PQ 

. w- ^ PO_166I X 1398 .... 

. . FY _ — = 10 48 

aN = 5 \y (5-28 + 0733 + 10-48 + 0 03) = = 0 8271 


SN = 29 33 - (1 + 0-8271) = 29 33 - 1 8271 = 27 51 


and SR = 


SN X 225113 93 27-51 X 225113 93 


389581 79 


380581 93 


= 15 63 


NowCS = IlY + X SY = IIF + FY + 


29 33 
'20 


= 6-013 4- 10 48 + 1-400 = 17*959 
46 7^ 

andCZ - i- CD = = 23*375 

SZ = 23 375 - 1 7*959 = 5^416 
and ZR = SR - SZ = 15 63 - 541 z= 10*22 

The resultant R, thercfoie, passes through the base at a little less than one-fourtli 
the width of the base, which is 11 69 from centre. 

Rankinc, who is perhaps our best authority on the subject of the stability of retain- 
ing walls, or dams, says, that except w-hen the foundation is rock, onc-tourtb of the 
width of the base from the centre is the limit for the resultant, but that in the case of 
a very firm foundation this limit may be exceeded. It has, however, been thought 
advisable to give the dam for the Moota Reservoir some extra strength, and the 
resultant passes even ivithin the limit laid down by Rankinc for a dam on an ordinary 
foundation though the Moota Dam will be founded on rock. No credit, moreover, 
has been taken lor the aid that will be obtained from the hank of earth which will 
be heaped against the dam on both sides to check leakage. 

The weight of a cubic foot of masonry has been obtained by actual experiment on 
rubble ^tone walling at Poona. 

187. The Barrage d’ Almanza was constructed in the 16th century* 
and is in excellent condition, which proves the general soundness of the 
design. 

The Barrage de Gros Bois is also an old work. It has shoVvn signs 
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of failure and has been buttressed. The batter in this case is on the 
water side, and the section is recommended in the “ Aide Memoire.*’ 
It may be well adapted for an ordinary foundation, as its tendency to 
oscillate on a yielding foundation when the reservoir is alternately full 
and empty, may be less tlian when the batter is outside, but it is not 
well suited when a hard foundation is attainable, and where a great 
height of Dam is necessary. 

The Barrage du Turens is a recent work. Its height is 164 feet. 
The great pressure induced by such an immense column of masonry 
and water led the very ingenious Engineer, M. Delocre, who designed 
the Dam, to adopt the principle of equal pressure, and neuce the curved 
faces and comparative lightness of the superior part of tlie section, 
which, at first sight, would appear almost too weak to retain the great 
head of water to which it is exposed. The thickness at top would no 
doubt have been still lighter, but that it was necessary to guard against 
the effect of the ice, which in that latitude attains a thickness of about 2 
feet, and when broken up by a sudden thaw, is driven by the prevailing 
wind with great violence against the masonry, which has thus to bear 
the moat severe shocks, in addition to the ordinary action of the waves. 

The Barrage du Ban is another, and more recent design, on the equal 
pressure principle. It differs from the Barrage du Eurens in having a 
higher pressure limit. The lower part of this profile is intended to show 
what the form would have been, had the height of the Dam been exactly 
equal to that on the Furens. 

• « 

188. Madras Tanks . — The banks of the majority of tanks in Madras 
seldom exceed 5 yards in height. Some of them are however 40 or 50 
feet high, and even more. Many of them are formed of earth only, in a 
few instances carefully turfed ; while the larger works, and in countries 
where stone is abundant, many of the smaller banlis also, are protected 
by loose blocks of rough stone laid on the inner sloping surface, or dis- 
posed in the form of a nearly upright revetment, without mortar or 
cement. The object of these rough stone facings is not so much to 
support the earthwork, as to protect it from the action of the waves 
during stormy weather, and from damage by the monsoon rains. 

Many tanks are often formed in the same valley, the bed of one 
beginning where the cultivation under that above it ceases. In con- 
sequence of this, the breaching of one tank otten leads, by the sudden 
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influx of its waters to the bursting in succession of those below it. This 
is more particularly the case, when heavy and sudden raius succeed sea- 
sons of drought, during which, the earth of which the tank banka are 
composed, loses its tenacity and is soon saturated by water. Another, 
and the general cause of the breaching of tanks is the neglected state 
of their banks, which are not in all parts sufficiently raised above the 
surface of the water in them. High winds exciting waves in the tank, 
throw the spray over the lowest parts of the banks, which are thus 
gradually worn away, until at last the^ water overtops them, and a 
breach ensues. 

189. In M^.dras, the waste weirs above -described, are known by 
the name Calingulah^ a Tamil word of originally much wider import. 
Along the upper surface of these, a row of upright stones two to four 
tbet apart, and from two to eight feet high, are generally inserted. 
The intervals between these stones are filled up with earth, straw, and 
rubbish, to increase the capacity of the tank, when the rains are mode- 
rate ; but when the supply of water is too great, and the tank is in dan- 
ger of being breached, the interstices are cleared, to allow a larger 
quantity of water to escape, the rapidity of the outflow being increased 
by the additional vent thus afforded. The dam-stones are made of such 
height, that the top of the temporary bank raised between them is 
nearly on the highest’ level to which water can rise in the tank without 
endangering its bank. The use of these stones is however generally 
considered objectionable, as the interstices are not always cleared aii 
the proper time, and in some cases, sluice gates have been substitu- 
ted. In some tanks, the excess of water flows out from vents pierced 
at a low level in masonry w^alls similarly placed. These vents aro 
closed by vertical planks, inserted side by side, or by shutters. Works 
of this description, termed surplus sluices, allowing the water to flow 
out with greater rapidity, are of smaller dimensions and less expensive 
than calingulahs. Vents to be closed by planks or shutters have fre- 
quently been constructed in the lower part of the body of calingulahs. 
But the common calingulah is in the usual way of allowing the surplus 
water of tanks to escape. 

190. The velocity of water issuing from an opening such as a calin- 
gulah depends upon the height of the surface of the water escaping 
above the bottom of that opening, and is found by multiplying the 



square root of that depth or height by 5, and the height being in feet, 
the velocity will give the feet per second ; thus the height being 4^ feet, 
the velocity will be 6 Vs = 15 multiplied by the product of 

the height and length, will give the discharge. Knowing, therefore, the 
quantity of water that can enter the channfl or tank in an hour, the 
length of calingulah is easily found : thus, il is found that for the ex- 
treme fall of rain on only one square mile, a calingulah of 120 feet is 
required, supposing the water flowing out to be of the usual depth, that 
is feet, which is about the average height of calingulah dam stones in 
moderate sized tanks. Were the depth to be greater, the discharge for 
the same length would be increased, and in a greater proportion, viz., 
that of the square root of the cube. Thus if the depth were multi- 
plied by 2, the discharge for the same length would have to be multi- 
plied by 80 for an equal discharge. A depth of 9 feet of watdr 

would allow of the length of the calingulah being reduced to a little 
more than J of the length required wl^en the depth was only 4| feet: 
so that if a tank bank be so high that it will be safe when 9 feet of 
water goes over the calingulah, 40 feet will be sufficient for every square 
mile of drainage. But this is an enormous length ; it is not unusual for 
a tank to receive the drainage of a country from several miles round ; 
and if 30 square miles, or a quarter of a circle of 13 miles radius drain- 
ed into a tank, by this rule it would require no less length of calingu- 
lah than 1,200 yards in the former case, and 400 in the latter, while 
there are no tanks having calingulahs approaching these dimensions. 

191. We must therefore inquire into other parts of this important 
question ; and in the first place, we have hitherto proceeded upon two 
extreme suppositions which can rarely occur together, viz., 1st, That 
the tank is full before the heavy fall of rain commences ; and 2ndly, 
That 5 inches of rain-fall in one hour, or at the same rate ; as records 
have shown it to have fallen in 12 minutes only. The length of calin- 
gulah necessary would have to be reduced in proportion as the fall of 
rain is less rapid ; and if 120 feet be required for 5 inches an hour, 60 
will suffice for 2J in the same period ; or if the water can for a short 
time be 9 feet above the floor of the calingulah, 40 feet per square mile 
will do for 5 inches, and 20 feet for 2J inches per hour. With regard 
to the first supposition, it is most'likely that the tank will not be full 
when the« heavy rain occurs; and in this case the greatest part of the 
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water would be retained in the tank ; thus if the bed of a tank contain 
5 square miles, and it receives the drainage of 20 square miles (the 
total fall of rain not exceeding 50 inches in a year), the tank would not 
overflow if capable of containing 4 times 50 inches, or 16 feet 8 inches 
over its whole surface ; or if the bed of a tank be in any proportion to 
its drainage, water will not flow out until the number of inches of rain 
fallen bears the same proportion to the average depth. It is evident, 
therefore, that the proportion that the tank bears to the surface of the 
land which drains into it, must also be taken into consideration, and 
the dimensions of the calingulah regulated by all the circumstances 
which aflect the ^pply of the tank and the quantity of surplus water. 
To most large tanka the winter is brought from rivers by channels, and 
tl]e quantity of supply may (in that case) be regulated by a head sluice. 

Oue of the largest calingulaha in Madras is that of the Carangooly 
tank, in the Chiiigleput district, and is of the form and dimensions of 
the annexed plan : it was built by General Sir J. L. Caldwell, of the 
Madras Engin.3e»'a, many years ago. 

192. Sluices of Irrigation , — Each tank is provided with from one 
to two, and some times three sluices, by W'hich the water can be let out 
to the fields at pleasure. Their position is generally on a level with 
that of the bed of the j:ark, but if any portion of the lands to be irriga- 
ted be above that level, one or more of the sluices, is placed at a 
corresponding height. A tank sluice is a large substantial and not 
uufrequently an expensive work ; it consists of a 2 yard square brick or 
stone cistern one yard high, to keep off the sand at the front of the 
bund, with one or more valves or plug-holes, in a stone at the bottom, 
from 6 inches to a foot in diameter. The valve is attached to a pole so 
long, that the top shall never be covered with the water in the tank. 
It is held in an upright position by 2 or 4 vertical stone pillars from 9 
inches to ^ a yard square, to which horizontal stones are attached, one 
^at top and another midway, down through a hole in the-centre of which 
the valve rod works, having a stout chain and pin to uphold it when 
necessary, and to regulate the discharge ; the pressure of the water 
upon the top of the valve keeps it sufficiently tight when lowered into 
the valve hole to prevent the escape of the water. At the rear of the 
bund another cistern of about the same dimensions and usually of brick 
in cbuuam is built, three sides of which are furnished with square open- 
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ingA and abutters, to admit of the water being turned off in tbe 
required direction. The two cisterns are connected with a tunnel, the 
length of which depends upon the cross section of the bund through 
which it is laid, and is generally from 10 to 30 or 40 yards. The vent 
throughout the tunnel, for the passage of the water, is about 2^ feet 
high, and 2 feet broad. These dimensions are adopted to permit of a 
man going in to clear away obstructions, and to examine the state of 
the tunnel occasionally, should anything appear to have gone wrong. 
The cross section of a tunnel is like that of a massive barrel-brick-drain, 
but the vent is generally rectangular and cased with granite slabs 
about 6 to 9 inches thick. 

More elaborate contrivances are used on the Tanka in Northern 
Italy, which will be found described in Irrigation Tract, No. II., pub- 
lished at Eoorkee. 

Irrigation by tanka is often combined with that by rivers, the water 
from the rivers being brought into tank 3 that are favorably situated, by 
means of channels cut through the river bank and intervening ground. 

193. The following description of the Mysore tanks by Captain 
(now Major-General) Green, will be found interesting ; — 

“ JanAj.— There are upwards of 20,000 tanks in the returns, the bunds of which 
are of every variety of length, from a quarter of a mile to 1 J miles. They arc with 
very few exceptions, faced with a rough stone revetment, having a batter of about 
one horizontal in two vertical ; the stone facing averages from a yard to half a yard 
in thickness, and is backed with loose rubble stones, Avhieh are together of a thicknesa 
equal to that of the large stones in front. Occasionally, a lighter description of 
revetment retains the rear slope of the bund. The breadth of the earthwork is pro- 
portioned to its height, which is greatest in the centre of its length. An ordinary 
bund is about 12 feet broad at top, GO feet at bottom, and IH feet high : there are 
many in every Talook, howocr, which exceed the above section. 

Codies— 'hi addition to the sluice abo\e described, each tank is provided with from 
1 to 4 open masonry outlets, called codies, the goigcs of which vary from 10 to 100 
yards in width, and by which the surplus water of the tank escapes to other tanks 
below. As the rush of water over the codies would wash away any but a strong des- 
cription of work, by which it was confined in its passage from the tank, the codies ar<^ 
necessarily made very substantial with the largest sized rough stones procurable in the 
neighbourhood, those of the large tanks rivalling the smaller anicuts on the riverE*in 
the massiveness with which they are constructed, and the brick retaining walls with 
which they are frequently protected. Codies are generally of a square figure, cover- 
ing as much ground lengthways, as in their width. The front, which breasts the water, 
consists of a solid rough stone wall from 1 to^ 2 or 3 yards deep, according to the qua- 
lity of th^ soil, and of proportionate thickness. It is furnished with dam-stones, 
which project, a yard and a half, jand arc let firmly into the top of the wall at 1 yard 
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intervals. The addition of some sticks, straw, and turf placed in front of these vertical 
stones make a temporary dam, by which the ryots are enabled, after the burst of the 
monsoon is over, to retain the water in the tank at a level about two feet higher than 
they otherwise could have done, and to secure the water for a so much larger period. 

« The sides of a cody are protected by wing-walls 1 to 2 yards high, of rough stone 
or brick-work which, contract or approach one another at the ends of the gorge wall, 
and widen out above and below forming, as it were, the sides of the funnel of dis- 
charge. 

“ The stones on the lower of the gorge wall, arc usually laid over suitable foundation 
in the form of a sloping apron, from its top to the bottom otthe nullah below, by 
which the force of the water is broken ; in cases, *h owe ver, wncrc it is found diffi- 
cult to render this (the ancient mode of building codics) permanent, recourse has been 
haef to disjiosing of^the apron stones like a flat pavement at the foot of the gorge wall 
(whatever be the height of the latter) taking care to have a very solid iron clamped 
platform of cut stones for the water to escade upon. Its force is there expended, 
and it flows gently away from the foot of the gorge wall without having the power to 
db any misoliief ; this plan is found most effectual, and has never failed wherever it 
has been •tried. 

“ The level of the top of the cody, whether of the permanent masonry or of tho low 
temporary dam now occasionally put above it, is the gauge of the powers of capacity 
of the tank ; above that, the cody is always open and acts as the safety valve of 
the tank. ’ * 

“ In the nullah, immediately below a cody, is sometimes built another work of rough 
stone like the cody, and equally laigc, hut ivhich so applied is termed a “cuttay.** 
Taken off from above the latter, is a channel of irrigation. This is a very good 
arrangement iihcn the levels uic favorable. The cody ictains the water in the tank 
at its highest safe level ; tlie cultay below appropriates the surplus water, which the 
cody has discharged, and which hut for such cuttay would ho lost. Pouring over 
the cody iu a thin sheet of pci haps a few inches only in depth, the sectional area of 
the water is fully sufficient to su]ij)l} an ordinary tank channel of irrigation, and when 
it ceases, recourse is had to the sluices in the bund whieh arc then opened. As the 
surplus water for 10 or 15 dais annually is discharged in a great volume over the 
codics, the cuttai s below are then exposed to a great shock from the impulse thereof 
and rcipiiie to he substantially constructed. 

194. ‘^As the alluvial dejiGsit, ) car after year accumulating, gradually raises the 
beds of tanks, they would in process of time become useless, were not the alternative 
adopted from time to time of adding to the height of the bunds, which of course in- 
volves an enlargement of the cross section generally, as well as the raising of the codics 
and the construction of new sluices at higher levels than the former ones occupied, 

' w'hen th(? sand has eventually choked them up. 

“ Thus, even if no breaches occur, there is a constant yearly increased demand for 
tank work, and several of the lmnd.s have attained height in the effort to keep them 
sufficiently above tlie suiface of tlic water. The upper part or roadways of several 
bunds in each of the tour Divisions, are on a level with the tops of the cocoa-nut, and 
even of the more lofty arcca, trees, in the gardens immediately below them. 

“ The same resource is had recourse to in discharging the sand from the^tank beds, 
that is adopted for the ejection of that carried into the channels of irriga^on from 
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the rivera. But a different season is selected ; instead of the close of the monsoon, 
its commencement is taken, and no sooner is it seen that the monsoon has set in, than 
the lyots range themselves about the sluice head in the tank, which is at this time 
shallow, and stir up and agitate the bed, till, reduced to a semi-liquid state, it runs off 
through the sluice with the water. This, like the opening of the nullah under-sluice, 
it however but a partial remedy. It is less expensive to raise the bund than to carry 
away the sand by hand. 

195. “ Most tanks receive their supply from the high ground in the neighbour- 
hood, and irrigate paddy fields or gaidens immediately below them ; but there are 
exceptions to this, as s^umcrous tanks arc partly snjiplied by channels winding round 
more remote hills, and which catek all the rain water flowing down their sides and 
convey it into the tank. Water cour.scs or nullahs wliicli are called into existence 
daring a local fall of rain, are also (lammed up, and their contci^ in like manner ap- 
propriated to the benefit of tanka. A single tank may possess several feeders of this 
kind, all of which require to be kept in rcjiair. 

“ In like manner the fields to be irrigated are occat^ionally at a distance from the 
tank, and hav’e channels of irrigation therefrom, including their windings, of froin'2 
to 30 miles long, and upon the jireservation of all of winch in proiicr ordci, depends 
the success of the crops. The water of the Soolikcrry lake iiiigates land at a di.s- 
tance of 30 miles. Other reservoirs of wnt(‘r*not connected w ith the iingation, but 
such as public wells, bowries, cuttays and so foith, which are refpiircd for the use of 
the inhabitants and their cattle, have been extensively restoied in eieiy Talook in the 
country; and the considciation of the Go\einmcnt in directing the'«e inijiroveinents 
of works so essential to the health and comfort of the community, is rightly appre- 
ciated and gratefully acknowledged. 

196. It is calculated in Madras that a culic yt^rd of water is required 
for every square yard of land having to be irrigated constantly through 
the year. This appears to be a large amount, but in the absence of more 
certain data it may be used in estimating the probable return of a tank. 

Rice land requires to be covered throughout with water to a depth of 
half an inch ; seventy-two days are calculated as the time required by the 
land to be covered with water ; therefore for a cawnie of land, (6,400 
superficial yards,) G,400 cubic yards of water should be stored for every 
cawnie which is to be watered. 

A channel should supply = 88^^ cubic yards per diem, or S-’-f 
cubic yards per hour for every cawnie to be watered. 

It is usual, in calculating the water required for a cawnie, to allow 
10,000 yards, which allow^s for evaporation, wastage, absorption,' &c. 

88f cubic yards = 2,400 cubic feet per diem = 100 cubic feet per 
hour, and requires a vent of <yf a square foot at the velocity of 1,000 
feet an hour ; at one mile an hour, it requires of a square foot. 

■Por '440 cawnies of rice land, equal to one square mile, water running 
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at the rate of one mile an hour will require a vent of = 8*3 square 
feet. 

» 

Not much attention, as a general rule within certain limits, appears to 
be given to the size of orifices for the discharge of water for irrigating 
land under tanks. The sluices are pretty numerous, because some lands 
are higher than others, and again belong to ditterent villages, and a 
little practice enables the person whose business it is to distribute the 
water, to judge what araouut of opening is requiredy 

197. The tank system of irrigation sb common in lower India is 
comparatively r^ro in the Upper Provinces. Indeed the only districts 
where it has been carried out on a great scale, the principle having 
been applied by the Natives from time immemorial, are those of Mhair- 
^ara and A j mere, where Colonel Dixon’s energetic attention to the 
Bubjecfc produced most successful results. 

The districts that lie at the foot of the Hills on the E , N. E., and 
W. of the Punjab would, however, seem to be peculiarly adapted for it. 
Kain is scarce, the hill streams are numerous, and the soil in general 
of good quality A system therefore by which the temporary supply 
of water from occasional rain might be stored up for future use, is one 
that is deserving of serious attention. 

In the Punjab, the tankVoiild sometimes be filled twice a year — about 
the months of February and July — aud would irrigiite both crops. In 
other parts, especially on the Western frontier, wdiere very little rain 
falls in the cold weather, it wmuld often happen that the water would 
be available for the Khureef oi\\j. The bed of the tank might in this 
case be sowed when dry in the autumn, for the spring crop — as the soil 
would be wet and probably rich from the silt deposited in it. 

I9S. On the Western frontier of the Punjab, were rain is excessive- 
ly scarce, and tlie ground near the Hills at so high a level that it is 
impossible to irrigate it either from Wells or Canals, — the natives are 
very ingenious in turning the water that occasionally conies down the 
hill nullahs to good account. The dry bed of the stream is taken pos- 
session of, and dams of earth and brushwood thrown across from bank 
to bank at different favorable points. W^hen the water comes down, its 
level is thus raised agaiust these bunds and it is skilfully directed down 
the secondary channels, natural or artificial, whose mouths are just 
above the darn, and which in their turn arc bunded. By ^ similar 

r 
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method, tbe^ater is turned down still smaller channels until finally it is 
thrown on the fields, which are bunded all round to retain it. When 
the bunds of the main stream are over-topped and carried aw^ay, which 
usually happens in a very short time, those lower down the stream get 
their share of water — and so skilful is the organization, that although 
these floods last but a very few hours, the water is distributed in the 
above manner by hundreds of weirs and minor channels over a large 
extent of cultivation — and with, generally speaking, remarkably few 
disputes. * 

199. The great defect of the system is that, if only a small quantity 
of water comes down, the bunds lower down the streafftf, go without; if 
a large quantity comes down, the violence of the torrent is so great, that 
the earthen bunds are carried away in succession too rapidly, and three- 
fourths of the quantity is wasted. Moreover the cultivation is precari- 
ous in the last degree as rain is so very rafe. If masonry dams or weirs 
could be substituted for these earthen bunds, it is evident that the water 
would be under far better control than at present, an/i moreover could 
be stored up for future use in the bed of the nullah above the weirs. By 
a proper system scarcely any would be lost. Suppose, for example, a 
nullah some fifteen feet deep, with a fall in the bed of twenty feet per 
mile — it is evident that, if dams be constructed from bank to bank at 
every three-quarters ot a mile, the surplus water passing over their tops 
in succession, a series of still water canals would bo formed whence the 
water could be drawn by mean^ of channels or the Persian wheel. If 
the beds of these nullahs w'ere too shifting and shallow for this, then the 
waste water could be thrown by means of small side cuts into artificial 
earthen tanks. By a proper application of these two methods, there is 
little doubt that a great extent of country now lying barren could be 
brought under irrigation. 

In the construction of such weirs, the same rules apply as have al- 
ready been stated with regard to tank dams — wherever the banka are at 
all liable to be cut away, great precautions are necessary to prevent the 
weir being turned. The masonry must be carried well into the banks 
on both sides and water walls added for some distance both up and 
down-stream. ^ 

200. The following description is from Col. Baird Smith’s work ; — 

The tafiJt which bears the rather formidable name of Chumbrumbaukum it one of 
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tAie finest in the Madras Presidency. It is picturesquely situated in the vicinity of 
bold hilly ground, and looks like a natural lake in a position where such a sheet of 
water might very readily be looked for. Beyond fiiniishing the water and the site, 
however, nature has had very little to do with its cication. It is jiurcly artificial, 
and its supidy is retained by an embankment .‘i miles 5 furlongs 20 yauls in length, 
ranging from 9 to no less than 28 feet in thickness, and from 10 to 20 feet in height 
Its area is 9^ sipiarc miles, and its volume may lie estimab'd at 9,000 millions of cu- 
bic feet of w'atcr. It maintains a sheet of rice cultiiation, neaily 10,000 acres in 
extent, yielding to Ginernment an annual revenue of rather more than 50,000 riipoes, 
and the cost of improving its ^arlous works, and keeping them in eflieicnt repair has 
averaged, during the last 20 jears, about 7 per cent, on the revenue derived from it 
Its apparatus for distribution consists of 10 ift-igation sluices. Its saicty during 
floods is insured b> the action of six waste weirs or ( almgulalis, giving in the aggre- 
gate a breadth of "scape eluinnel of 070 feet, wilh a dejith below' the crest of the em- 
bankment ranging fioiu 0 to 19 feet according to jiosition. Through this area an 
enormous mass of water cun escape, and as the sujqdy is dependent almost c.xelusiie- 
,ly on natural uiiri-fall and merely local drainage, the protective provision has proved 
adequate, and breaches lia\e been very larc. 

201. The irrigation worka in Ajmere and Mhairwara are not merely 
preventives against larnine in 5 ears of drought, but are, as a rule, abso- 
lutely necesaarv to the production of crops. The undulating nature of 
the country cauaea the rain-fall to flow olT the surface of the country 
very rapidly, and the beneficial effects of a heavy fall of rain last but a 
very short time. This evil again is aggravated by tbe spasmodic nature 
of the rainy seasons, the# greater portion of the rain frequently falling 
within a short time, instead of being evenly distributed over the months 
during which wet weather may be expected. 

The tanks are not intended for p'erefinial irrigation, but were designed 
with a view to securing both the Khureef and Ilubbee crops. This 
object they fulfil exceedingly well. The most important crops, raised 
by them are in the Khureef, Indian corn ; and in the Rubbee, barely 
and gram. Wheat is grown to a small extent during the Rubbee, and 
the commoner crops, such as “bajra” and “jowar” are largely sown 
during the Khureef ; small quantities of rice are also met with in the 
immediate rear of the embankments. 

The Khureef is sown after the first fall of rain, and tbe whole of it 
gelierally receives a watering at the end of September, or the beginning 
of October, which brings it to maturity ; if the season is unusually dry, 
it requires two waterings ; tbe cijpp is then cut, and the ground, re- 
taining the moisture from the last watering of the Khureef, is immedi- 
ately ploughed up for barley or gram. The Rubbee crops /eceive two 
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or tliree waterings from the tank according to the quantity of water 
available ; any deficiency being made up by irrigation from wells, which 
are quickly and cheaply made, — the water being kept close to the sur- 
face by percolation from the tank. 

202. The success of the tanks from an agricultural point of view is 
undoubted, and the financial results, as shown by Colonel Dixon in 
pages 137 and 205 of his book, are equally satisfactory. 


Districts., 

Expenditure on tanks. 

Increase of revenue 
due to tanks. 


Rrt. 

RS 

Mhairwara, ... 

2,11,112 

' r,, 41, 234 

Ajmcrc, 

3, i fi,45 1 

3,17,771 

Total Rs., 

fi, 17,51)3 

9, 59, 005 

Net gain, Rs., ... 

3,41,412 


Of SIX tanks exaiiuiied by Lieut. ITorne, It E., in 18G8, all exciept one, 
are, after paying all expenses, giving a return for the money expended on 
their construction, and that the net income of the whole six is nearly 5 
per cent, on the total capital. 

This favorable result is undoubtedly due in part to the cheapness of 
original construction. The following are averages of the rates given by 
Colonel Dixon in his book : — 


Description of work. 

Kates. 


Mhairwara. 

Ajmcre. 

Masonry set in lime, per 100 cubic feet, 

R.S. A. P. 

3 13 3 

RS. A. P. 

4 12 11 

Do. do. mud, ditto, ... 

2 G 3 

2 7. 0 

Earthwork in embankment, per 1,000 cubic feet, 

4 

2 8 0 i 

3 0 6 


The rates now obtaining for masonry are double those above quoted, 
and the earthwork rates have also risen, though not in the same propor- 
tion. 
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From the data afforded by these six tanks, it would appear that each 
acre requires 177,261 cubic feet to irrigate it ; now, irrigation is only 
carried on from these tanks for about six months in the year, hence 
double that amount would at first seem to be required to irrigate one acre 
for a whole year. This, however, is not the case, for the irrigated land 
is nearly always double-cropped, as explained above, and consequently 
the volume above-mentioned would actually suffice to irrigate one acre for 
one year ; that is to say, the land would require a total depth of 4’07 feet 
or water during the whole year, or one cubic foot of* water per second 
from the tank would irrigate 178 acres in a year. 

203. The following descriptions of some ol these Irrigation tanks are 
from Col. Dixon’s work : — 

'Kdbra tank emlatikmanf . — The Plate gives representations of the plan, section, and 
elevatioipof the work. AB shows the huiid or embankment blocking up the gorge 
left open by Nature in the line of lulls for the passage of the lain-watcr. Towards 
the water-line is the wall of masonry, Paiiug three bastions with two flights of steps 
leading down to the water. The w’all ol musouiy is supported by an earthen embank- 
ment, the upper Icv^ portion of which icprcsents the tcire])lein of the bund. D 
denotes the nuddee, or water-course, which has beci closed up; whereby the water, 
collecting in one mass, constitutes the tank. The section througli AB show’s the 
thickness of the masonry and earth. The escape, C, has been cut through the hill. 
It has a wall of masonry towaids the water-fuec perforated with apertures for sluices, 
through which the water 4s con(liictc«l t(j drains made of earth by the cultivators, 
leading to tlicir several fields. The excess of water, after tiic filling of the tank, 
passes over the summit of the masonry wmll, and flows oH to fill weirs and tanks 
constructed to its rear. A second opening, T)r ofttiall, is made in the opposite hill, as 
is shown in the Survey Map. 

The basin drained by the Kabra nnddeo, at the i)lace embanked, embraces an area 
of about seven square miles. During lieavy rains, the stream swells to a mountain 
torrent. It was therefore a qiicotion of the first impoitaiiee, that the work should 
be extremely substantial and eajiahlo of icsihtiiig tlie pressure of a Mide expanse 
of water, having a depth of 20 feet. The length of the bund is (520 feet ; the 
foundation has been sunk to the rock 0 feet in de.jith, having a breadth of 27 
feet, built of stone witli limestone mortar. The fiont wall slightly decreases in 
breadth as it rises in cleiatioii, eaeh course of masonry having a narrow’ ledge towards 
the w’atcf-face, as the breadth decreases ; the weight of the superstructure is thus 
kept well within the jicrpcndicular line. By gradual decrease, the masonry is reduced 
to 10 f(fet in breadth at the top. Its height from the foundation rock to the summit is 
S3 feet. The rear embankment, continued through the whole length of the bund, 
is 70 feet in breadth, its greatest elevation being 28 feet and 6 inches. The water in 
the tank, after rising within 4 feet of the upjjcr line of masonry flows out by the out- 
falls on the right and lett of the bund. Granular limestone is in such abundance, and 
so easily quarried, that it has been exclusively used as the building stonJ*. It was 

U 
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contracted for by the Zemindars at the rate of ten cubic yards per rujK C, tools being 
provided at our own cxi^cnsc. The stone was then carted to the h'oi ks at a stated 
contract price. The quarries being near to the bund, this charge Avas cqua Ily reasonable 
with the original cost for excavation. Emth lor the cmbankinent was pu^vided from 
the bed of the tank, ramps of curtli beuig thrown up for the convcnienci of tlie l)eldar3 
and cattle, as the elevation of the bund inci cased. Lattcily, as the soil imincdiatcly 
in front became exhausted, earth was taken from the rear. The cmbankinent in im- 
mediate contact with the front wall of masonry was well beaten down and Avatcred from 
time to time. The beldars were paid by contract. A low sloping bank Avas thrown up 
in front of the masonry, in view to case off the pressure of the neater ; and to prevent 
the earth of the main embankment from being AAashed aAvay by hcaA'y rain, it has been 
provided with a dry stone retaining w'all from 4 to 0 feet aboA^c the surface of the 
ground. The masonry and the embankment Averc carried on at the same time ; the 
presence of the earthen bund obviated the necessity for scaffolding, Avhilc the earth 
was well trodden doAvn by coming in constant contact Avith the feet of the Avork-people. 
The work Avas commenced in 1 837, and Avas completed in tAvo years. Many facilities 
were offered in its construction. Stone, limo, and wood were in ample abundance 
and near to the scene of Avork. Water aa hs the grand difficulty to be OA crcomc during 
the first season. It Avas arranged for, by sinking scAcral Avells in the rocky bed of the 
nnddee. , 

The expense of the work was as follow’S : — 

liS. A. P. 

153,121 cubic feet of lime masonry, - . - 4,3G5 C 0 

8,830 „ dry stone masonry, - - 121 12 6 

725,215 „ earth aacII beaten dOAATi, - 1,758 1 2 

Total expense of the Kabra embankmlnt, C,245 3 8 

Area of tank = 7,938,000 square feet. 

Cubical conten<.s ^ 57,093,384 cubic feet. 

204. Hoopana Weh \ — The Roopnna Weir is throAvn across a holloAv or gorge in a 
low range of hills, closing the Avatcr-conrsc which drains a wide area of country. The 
foundation rests on solid rock, the breadth of the masonry being 10 feet 6 inches at 
the base, and gradually decreasing, through an elevation of 18 feet, to 3 feet 3 inches 
at the sumftit. The ground to the south-AA'est of the nnddee is secured by a wall of 
masonry, 6 feet at the base and 4 feet at the summit, haAung an embankment of earth 
to its rear, 30 feet in breadth and 11 high. The weir, over w^hich alone the water 
passes, wdth the single embankment to the south-Avest, measures a length of 522 feet. 
Small bastions have been built in the w'cir masonry to give stability to the fabric. 
The water from the weir, after winding its course round the ends of several small 
ranges of the hills, goes to give productiveness to other villages to the west. The in- 
flux of water is so great that the chudur, or cascade, overflows nearly the whole year. 
Land suited for cultivation is the only desideratum. It is restricted to that confined 
between the several lines of lulls, all of .which had to be reclaimed from dense jungle 
before the plough could be called into action. This work was constructed in 1846 
and 1847^ at a cost as below stated 
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43,680 cubic feet of lime masonry, - 
73,830 „ earth, - 

Total expense of Roopana Weir, 


as. A. p. 

2,096 8 10 

110 4 0 


2,205 12 10 


205. The following extract, from the same author, describes the 
kind of work referred to aboye, as being applicable to the hill streams 
of the Punjab : — 


Much has been said of the usefalness of small ^tcir8 thrown’ across nuddees, as an 
auxiliary to irrigation. The plate represents two of such weirs. No. 1 is thrown 
across the Kabra puildcc, w'hich pa.sscs near to Nya Nuggur. It is 315 feet in length 
forming a straight line, and stre telling across the bed of the stream Advantage has 
been taken of rocks which crop out of the nuddec ; serving for a firm foundation, 
and, in some measure, as a rear support to the masonry. The section on x, x gives a 
pfbfile of the weir, having a Incadth at the base of 10 feet, and of G feet 10 inches at 
the top > the height rising to l;3 lect. The woik is sticngthcned by small bastions 
to the front. The water maintained in the nuddec by tins weir extends to the dis- 
tance of three quarters of a mile, su/li)lying wells on both sides of the nuddee, and 
indirectly proving useful by the filtration of water through the soil. 

No. 2 is another ^Iiccimcn. Its length is 1+5 feet. Half of the masonry rests 
on a firm rock. For the other half, no hard found.ition was attained. The influx of 
the water after digging C feet below the bed of the iinddce was so great, that all 
efforts to remove it proved unavailing. The trcuch was filled up with unslaked lime, 
and stones promiscuously tliiown in, until the water-level was attained, when the 
masonry was built with stone aftd mortar in the oidinary way. This work has stood 
ten years, and is as firm and stable as the day it was raised. The sections on y y and 
z 2 , show the thickness of the masoniy. The elevation affords a front view of the 
weir from its bc(l„ on the nuddec being dry.* • 

In workg of this kind, over which tlic mountain torrents during the rains pass seve- 
ral feet in depth, atteution .should be directed to the security of the flanks. The 
masonry at each end of the water-way should be elci ated a few feet above high-water 
mark, and firmly emhedded in the banks. With these precautions, the torrent may 
roar in its passage over the weir without exciting ajiprehcusion. 

206. The following is a description of the Sholapore Tank, a large 
work lately constructed in the Bombay Presidency. 

, The bite of this lake is situated generally about 10 miles north of Sholapore, the 
village of Ekrookh being about the centre. 

The total length of will be 7,200 feet ; the masonry portions on the 

northern and southern ends being respectively, 1,400 and 1,330 feet. The maximum 
height of the eatthwork over the centre of the stream (the Adeela) will bo 72 feet, or 
7 feet above highest flood-line. The slopes provided for arc 3 to 1 on the waterside, 
and 2 to 1 on the outside face of the bund. tThe water slope of dam below flood-line 
ia to be pitched with stones 2 feet in length. The top of the masonry dam to be 
3 feet above highest flood-line, and the dam to be surmounted by a parapet^wall 3 feet 
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high. The earthwork on the outside face to have a slope of 2 to 1 and that on the 
inside 3 to 1. This face is to be pitched. 

The area of the tank at the level of the water weir will be 175, 000, OCX) square feet, 
or 61 square miles. This is of area of the rain-fall (141 square miles), and as 
the tank is calculated to hold 2,222,145,000 cubic feet of water, it will be filled by a 
rain fall of 6^ inches on the whole drainage area.* The maximum depth of water, 
when the tank is filled up to be waste weir level, will be GO feet. 

207. The Waste War will be constructed on the northern end of the bund, and 
will consist of a channel 250 feet in wddth, which vfAl be carried through the spur and 
will lead the waste water direct to a large nullah, by which it will rejoin the original 
stream, about a mile below the linp of bund. The depth of cutting on the ridge of 
spur will be 10 feet, at which level the material for the sill of the weir will be suffici- 
ently hard to resist the wear of running water. It is also proposed, however, in order 
to preserve the level of the weir crest, to lay down a flooring of masonry 25 feet wide, 
with an average depth of ]‘5 feet across the waste weir. 

The maximum discharge of the liver Adcela, n hich is the stream on which the 
Sholaporc lake is situated, is about 37,000 feet per second, according to the flood line 
shown by the villagers, and calculated by the usual formula ; but there is Reason to 
doubt whether it ever really reaches that amount ; however, as this flood only lasts for 
a very few hours, it is not that one by which fo decide the dimension of the waste 
weir. The discharge of that flood which continues for four or five days is about 
11,000 cubic feet per second. The velocity of discharge on the crest of the wasto 
weir will be a little over 10 feet per second, but supposing it to be only 10 feet per 
second, with a width of 250 feet and depth of 5 feet — which is the maximum depth 
provided for — the discharge is 12,500 cubic feet jicr second ; however, as the water 
will'havc’bccn escaping all the while, the flood line will not rise to the height of 5 
feet except under a very continuous rain-fall of aboic a week's duration at a time, 
and this is very improbable in these eastern districts. 

208. It w'as originally proposed that all the Hcgulating Sluices for discharging 
the' water from this lake should consist.of iron pipes laid in masonry, with screw 
corks fitted on to their lower extremity, but as this design was considered hardly 
sufficient or safe for the sluice of the perennial canal, the idea of the tow^cr and tunnel 
as originally proposed by Sir Arthur Cotton w as adopted -, the method of working 
the small valves in the tower is shown on the tracing. The sluices of the two high 
level canals will, however, consist of the former design. 

The joints of the piping, though generally made w'ith iron filings or melted lead, 
should in tbia case consist of flanges bolted together with bolts and nuts, as no risk 
should be run. The foundations of all the sluices will be on rock or har/i moomm. 

209. It is proposed to run three lines of Canals for distributing the water ; that 
on the lowest level will be the perennial canal, the length being 28 miles. Although, 
the level of this canal at the head is 20 feet above the of the nullah or bottom of 
the lake, the quantity of water lost is only about 1-1 1 0th of the whole content^ of the 
tjiTik. This is not considered so valuable as the greater command of country which 
will be attained by the high level. 

The next will be a four-months’ canal, It will start from the opposite side of the 
* 


• Bupposing tbe whole ran off ; or by a rain-fall of 8 inches, gupposing two-thirds ran off. 
minimamfi^ at gholapore in 13 inches. 
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Yftlley, cross the waste water channel, and terminate after a length of 10 miles. The 
third line will be on the same side of the valley as the perennial canal, but at a level 
26 feet higher. It will also be a four-months' canal, and has only a length of 4 miles. 
The area of land commanded by these canals respectively is as follows 

Left bankf perennial eana2.— Discharge = 44 feet per second. Area 25 square 
miles, or 16,000 acres. 

Eight hank, four-months' canaZ.— Discharge = 42 feet per second. Area 21 
square miles, or 13,440 acres. 

Left hank, four-months' caw^i/^Discharge = 21 feet per second. Area 10 square 
miles, or 6,400 acres. 

The following calculations give the quantity of water required by the canals between 
the ends of one monsoon and commencement of next eight months : — 

912.384.000 cubic feet, quantity run off by perennial canal in eight months. 

435,456,000' ditto, right bank canal in four months, 

217.728.000 ditto, left bank canal in four months. 

753,000,000 ditto, evaporation in eight months, 7 feet in depth. 

, 20,000,000 ditto, lost in bottom of tank. 

As the tank will fill with less than the minimum rain-fall, the quantity of water 
withdrawn by the four-months’ channel will be compensated for during the monsoon ; 
and as the capacity of the tank is 2^222,145,000, there will be a considerable surplus, 
since the quantity required for the pcicnnial canal, evaporation and loss at bottom of 
tank, is only 1 ,682,380,000. The average velocity attained with the present distribu- 
tion of fall in the canal is about 21 or 22 inches per second. 

Estimated cost, Es. 7,76,000. 



CHAPTER XII. 


RIVER IN tJNDATIONS— RIVER IMPROVEMENTS. 

« 

210. Bbfoue dismissing the subject of Irrigation Works, it may 
be useful to say something on River Inundations and B.i'trer Improve- 
ments, with both of which the Indian Engineer has often to deal. 

Inundations. — The tendency of Indian rivers to shift their course 
and raise their beds by the deposit/ of silt has already been remarked 
upon — one effect of this tendency is to cause severe inundations during 
the rainy season. Nearly all the rivers of the Punjab and Upper India 
in general, flood their banks for a certain breadth on each side through- 
out a considerable portion of their course, these inundations gradually 
increasing as the river approaches the sea, where it terminates in an 
immense delta — which, during the rains, is little better than a vast 
swamp. ^ 

Now so long as these partial inundations are confined within reason- 
able limits, little harm and much "good result from them. They do not, 
it is true, tend to the healthin/58S ef a district, and they, prevent any 
autumn crop being sown on the inundj\ted land— but the silt deposited 
by the water tends so to fertilize the land that on the subsidence of the 
inundation in the cold weather, the richest crops are produced with 
scarcely any trouble. In such parts of the country, it is customary for 
the cultivators to construct temporary villages which are abandoned 
when the ruhbee or spring crop has been reaped — or such villAges as 
are permanently inhabited are built upon natural or artificial mounds, > 
and if necessary, defended by embankments. • 

The autumn crops which Vo along the edge of the inundation are 
also defended by bunds which often extend for miles in leagth ; these 
bunds are of no great height or solidity, as they are not built where 
the water is deep and are merely mehnt to save the crops. 

211. But such inundations, from local causes, often attain to great 
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force, and sweeping over the low ground, may extend through the 
heart of a district with a breadth of many miles and a depth of several 
feet. Houses, villages and crops are swept away— cattle and even 
human beings destroyed. Moreover, the water no longer flowing with 
a gentle and scarcely perceptible current, acquires great velocity in its 
course through the low land, and having no time to deposit its silt, 
improverishes instead of nourishing the soil. An Engineer is often 
called upon to provide a remedy for Bi*ch a state’ of things, and there 
is no work that demands more patience and skill, and none more anx- 
ious or intereiting in its results. 

Thus it will ‘be seen there may Se two classes of embankments de- 
signed to provide for two different states of things, viz., (1), long con- 
tinuous lines of embankments to check the spread of lateral inundations, 
and canfine the river within certain limits ; or (2), a comparatively short 
piece of embankment thrown up to shut out a merely local inundation. 

212. 1. The science of Embanking, if it may be so called, is still in 

its infancy, and ^ery diverse are the opinions of Engineers on the sub- 
ject. It is contended by the opponents of river embanking in general, 
that such embankments by restricting the bed of the river within cer- 
tain bounds, cause such^a rapid elevation of the bed from the free deposit 
of silt, that the waters of the river are year by year raised to a much 
higher level ; the embankments have therefore to be raised and streng- 
thened regularly, so that at last the bed of the river may be raised 
considerably above the level ef the surrounding country, as is the 
case with the Po in Italy, and the Mississippi at New Orleans — thus, 
whenever a breach may occur, the inundation is infinitely more des- 
tructive than any number of inundations \rhen the river is allowed to 
take its own course uncheck^. 

On the other hand it is contended, that by confining the river be- 
tween *embankments, the velocity of the current is increased and thus 
the amount of silt deposited is lessened — that the improvement of the 
river thus effected for navigable purposes, together with the great area 
of Tand sSinually saved from inundation, more than compensate for the 
loss caused by an occasional breach of the embankment, — that the evils 
of the present system of embanking arise from the want of method by 
which it has been characterized, and by no means involve the general 
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to expand in on both sides of tlie cold weather channel, there is nothing 
to be feared with ordinary precautions. 

The general question had to he dealt with practically in this country 
in the case of the Damooda river, as connected with the alignment of 
the East Indian Railway. The opinions of different Engineers and of 
the Committee appointed by Lord Dalbousiq ’to determine the necessary 
measurelf will be found in the Bengal Government Selections. 

In America, the question of embanking or non-embanking has been 
practically settled by the occupiers of the land on both sides of the 
Mississippi, where, as fast as the ground has been taken rp and cleared, 
bunds or levees (as they are there termed), have been thrown up as a 
defence against the encroachments of the river. The maintenance of 
these levees is being gradually brought under the control of the States 
in which they are situated, and Civil Engineers are now generally 
employed to lay them out, and construct them on the best principles.’*' 

213. 2. Whatever opinion may be formed as to the expediency, or 

otherwise, of long continuous lines of embankments, 'It is still clearly 
necessary to resort to embanking for defending a country from local 
inundations, and it is to such, therefore, in especial that the following 
remarks will refer. 

The first point to be ascertained is the actual locality of inundation 
at its exit from the river, as this will tolerably define the length of the 
embankment that will have to be'con'utructed. At the same time, the 
cafise must be sought for, and this will generally be found to be-^a set 
of the river towards that particular spot where the inundation breaks 
out, with perhaps the existence of a valley or old water-course or ancient 
bed of the river into which the inundating water flows, and by which it 
is carried into the interior of the countr^. It is in general impossible 
to ascertain the cause of this set, or at least very difficult. For the 
cause may exist higher up or lower down, or near the place itself, and 
these rivers are so capricious in their meanderings, that we know little 
of the laws affecting their various changes of course. 

In some cases, however, the cause may be ascertained and^' attempts 
may be made to divert the set of the stream towards the opposite shore. 
The means to be adopted with this eiid in view will be discussed further 

* The student may consult Hewaon on “ Lev^s ” and Ellctt “ On the Hlssiasippi and Ohio 
Rivers also the very able report which hen already been referred to, “ On the Physics and Hy- 
dmnUcs of the luisslBsippi River.” 
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on under the head of “ Improvement of Eivera.” Such experiments are 
always doubtful, and usually require to be carried on through a series of 
seasons to be successful. It is, in fact, battling with a giant and requires 
great perseverance, energy and skill to obtain any success. Works con- 
structed when the river is low, are often swept away by the first freshet 
— and the work has to be done all over again. If therefore the damage 
done by an Inundation be great, but especially if it has a tendency to 
increase) the diffic^plty should'be at once boldly met, and embanking be 
resorted to as the only efficient remedy. • 

214. The locality of the exit of the Inundation being ascertained, 
the extreme limits must be found out, that is, the breadth of the invad- 
ing body of water„; and its greatest depth should be ascertained at as 
many fixQd places as possible -, this will be determined by actual observa- 
tion during the flood, in a boat or otherwise, and by inspecting the flood 
marks loft on bouses, trees, &c., as soon after the waters have receded 
as possible. 

The fall of the ground from the points where the flood depths have 
been ascertained near the river bank, along the course of the inundation 
inland, should then be determined by levelling, and this being all 
plotted down on a plan of the surrounding country, the line of embank- 
ment will be determined from the following considerations : — 

It is evident that the two ends of the Bund should rest upon 
-Jn^gh ground not liable to be inundated, or that at any rate the upper 
end must so seat, or there will be the geeat danger of the embankment 
being tilrned and flooded in the r<jar, 

2nd, If the river, as is generally the case, is cutting away its hank, 
the bund must be fixed at some distance inland, or the river may eat 
its way to the foot. * 

^rd. All canals and water-courses (unless it is intended to shut them 
up) will require Masonry Works over them, where crossed by the Bund, 
so that a proper quantity of water may still be allowed to pass for the 
purpoifes of Irrigation— wherefore it is desirable to cross as few of these 
as possible, and they should be crossed at right angles. 

Mil. It A evident that the water when stopped in its onward pro- 
gress by an embankment, will rise to a much greater height than it did 
when flowing on unchecked. The gfeatest height to which it can rise 
at any point of the bund, will be found by finding the fall from the 
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opposite point on the river bank, and then adding to this fall the height 
of the highest flood mark, observed at the point on the bank. Thus, if 
the water rises two feet high when overflowing its bank, and the fall 
from the bank to the opposite point at the bund be four feet — then the 
water may rise to a height of six feet when checked by the bund. 1 
say, may rise, for this will only happen when the water has no free out* 
let at the lower end of the bund, or when ‘the fall down the course of 
the inundation is greater than the fall down the bank of the river. 
Nevertheless, this horizontal line of still water (as it may be called) i 
should always be taken to determine the height of the bund, three feet 
being allowed in height over and above this total for safety’s sake. As 
many points, therefore, on the river bank whose flood marks are clearly 
determined, will give the required height of the bund at as many op- 
posite points in the proposed lirife of the bund. It is evident then 
that the more inland the bund is made, the greater will have «o be its 
height, and in all probability, the greater its length. 

215. These four conditions will generally determine the line of em- 
bankment, which to satisfy them should, (1) have its two ends well secu- 
red, (2) not be too near the bank or it may be cut away, (3) should cross 
as few water-courses as possible, and those at riglit angles, (4) should not 
be too far inland or it will have to be made very long and of a great height. 

There are also minor points which may have to be considered, such 
as the taking up of cultivated land, the defending any particular villaga,-^ 
avoiding bad soil, &c. The laad between the bund and the river will 
be greatly enriched from the deposit of silt. On the other ha'nd, such 
portions of any canals as lie between the bund and their mouths on the 
river bank, will be much silted up, and require heavy clearing after the 
watir has retired. 

The height of the bund at various points being determined upon, the 
line should be cleared and levelled, and then the required height at 
any number of intermediate points may be ascertained by levelling. 

216. The section required for either class of embankment will’depend 
on the depth of water and its velocity. 1 suppose earth to be the 
material employed, as stone would be rarely procurable, and generally 
much too expensive. 

Unfortunately we have few rulds to determine the necessary thickness 
of mate^l to resist water in motion. We can calculate the mere dead 
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pressure from the depth and area of the surface pressed, but the two 
great practical dangers to be guarded against come under no fixed rule. 
These are, lat, The tendency of the water to cut against the slope of 
the bund, either from the velocity of the stream or when agitated by 
waves ; 2nd, The soaking of the water through the mass of new earth, 
which, unless speedily checked, will cause breaches in many places. It 
is evident that both of these cj^angera diminish in proportion as the bund 
gets older and the earthwork has time to consolidate— it is during 
the first year that the greatest danger occurs. There is also a third 
source of danger which should not pass unnoticed, and that is the holes 
made in the cmliankmeut by rats or other vermin. 

The thickness ai the bund at top wilf depend on whetlier it is also to 
be made use of as a public road or not. The traffic on it tends to con- 
solidate the earth, but it is also apf to break it down, and lower the 
crest. Sl top width of 6 to 10 feet will generally be sufficient, with a 
rear slope of 1 or 1-| to 1, according to the nature of the soil. On the 
water side, the slope cannot be too long for safety, and the degree of 
its flatness is a mel’e question of expense. It ought never to bo less 
than 3 to 1, and, in general, should not be less than 5 or 10 to 1. 

217. The earth should be thrown up in layers and well rammed, and 

the surface soil loosened t<) make the new earth bind better with the old. 
Sand may be allowed for the heart of the bund, but not for the two 
slopes. Stiff clay is apt to crack, and is not so good as light clay or 
good alluvial ^oil. Shrinkage shoufd btJ allowed for, as in the case of 
Koad Embankments. The nmouift depends on the nature of the soil 
and usually vanes from -^-th to original bulk. 

The earth for the construction of a bund should on no account be 
taken immediately from its front, the efi’ect of which would be either 
to deepen the pressure of the water against it, or to make a dangerous 
stream aVmg its face. No excavations should be allowed within 20 feet 
of the toe of either front or rear slope. 

218. * When the foundation soil is very boggy, it may be necessary 
to seqk for an artificial foundation to suf^port the bund. American 
writers recommend brushwood, as in the case of a road bank, but the 
danger of leakage is very great, And may result in the new bank being 
undermined and swept away. If draining is too expensive, the sub-soil 
may be consolidated by wooden piles made of any common Wood, and 



156 


driven in 4 or 5 feet deep, or the earth moy be excavateil for or 4 
feet, and the excavation filled in with sand. A simpler and cheaper re- 
medy is to use sand-pileSj i. a wooden pile of about one foot diameter 
is drivei^ in some feet, and then withdrawn, the hole so made being 
filled in with rammed sand, and this is', repeated at intervals of 3 feet 
or BO in each direction over the whole of the boggy surface. 

219. If possible, the water-slope shculd be artificially protected. 
The best plan is to turf it, or at least the lower hal^of it; but unless 
grass and water are plentiful and close at Land, the expense would be 
too great. Grass roots may be dibbled in here and there, or grass seed 
sown and well watered. If none of these can be man'tged, then loose 
brushwood may perhaps be available, or coarse mats and chuppahs. In 
Holland, straw is used for the same purpose, twisted into ropes about 
2 inches in diameter ; it is laid on the face of the bank and pinned 
down with forked sticks, rope after rope being added till tLe whole 
is covered. 

220. Any dry streams or water-courses crossed by the bund should 
be carefully filled up for a certain distance in front, as when the inun- 
dation first breaks out, these nullahs are filled with water, which will 
often run down their course and cut clean through the bund, even 
before the w'ater has attained any height. Wherever such nullahs ap- 
pear either at right angles to, or oblique with, the bund, it is advisable ^ 
to throw' out spurs of brushwood and piles nearly perpendicular -tb 
the stream of water to divert the set of these streams from tiie bund. 
These spurs may be made of a double row' of piles of jungle wood, about 

4 feet apart and filled in with brushwood — they should be higher thau 
the water, and may be necessary in considerable numbers, as in the de- 
fence of a river bank. ^ 

In crossing canals, Ttegulators will be required, made after the ordi- 
nary manner of regulating bridges, the roadways being level 'with, and 
connecting, the top of the bund. 

221. In a new embankment, the greatest watchfulness is necessary 
when the w'ater comes up, to prevent breaches. Gange of wcrkinen 
should be stationed all along, well supplied wdth mats, piles, mallets, &c. 
As soon as the water is observed to be soaking through at any place, 
mats or brushwood should be put in front to stop^it, and if a regular leak 
obcurs, 'Underneath, the bund must be well cut into and the leak dis- 
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covered and afcopped. If the aiope is being cut away, piles and hrusli • 
wood must b(‘ applied to remedy it, and a spur thrown out to divert the 
set of the water. It a break occurs aad the water rushes through witli 
any force, as is generally the case, it will be almost impossible to stop 
it— the only thing to be done is to defend the sides of the breach 
with piles and brushwood to prevent it increasing, and to wait the tint 
falling of the water to repai'r^it. Breaches however, may be occasionally 
stopped with tripods made of piles placed in a row,— and stout ebup- 
pahs in front. Sacks of earth in sudlciant numbers thrown into the 
breach are also useful, or old boats may be sunk. 

Sluices of masoury are often fitted to bunds to irrigate the lands to 
the rear. It is' better, how'ever, not to fix them until the earthwork 
.has proved itself firm. 

222. Improveme7it of Rivers.-^n forming plana for the Improve- 
ment ^of Elvers, the following are the objects generally to be kept in 
view : — 1st, To protect the banks from the action of the current ; 2nd, 
To prevent inundations of the surrounding country ; 3rd, The removal 
of bars, elbows, *and other natural obstructions to navigation ; 4th, To 
maintain a suitable depth of water for boats, for the trade of the river. 

1. To protect the banks, either artificial means must be resorted to, 
to divert the action.of *he current along the shore, or the banks them- 
selves must be artificially protected. The latter plan can only be used 
when the banks are high, and not liable to inundation and the soil of 
not too loose a texture. If tliey*are \)erpendicular, they should be cut 
down to a gentle slope, and defended by a revetment of turf, stone, &c., 
by sowing grass seed, or by planting low jungle or aquatic plants. 

In Flanders and Holland, when a bank is to bo protected, if the 
erosion take place above thejardinary water line, and the natural slope 
of the ground below is such as to support the weight of the bank, 
fascinss are laid in horizontal courses and bound together by stakes 
» running into the bank. AVheu the bank is eroded below the ordinary 
water line, the course adopted is to form a species of raft of gabions 
strpngly tied together and fixed into the banks by stakes, with their 
ends projecting into the stream. Other gabions are placed on these in 
a direction parallel to the batik, and fascines alternately crossing one 
another in the bod^r of the raft, are laid upon this grating. The whole 
Btructure is firmly bound together and sunk by being loaded with stones 
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or bags of earth. Large hollows in the bank are filled with panniers 
loaded with gravel. 

223. It is evident that the expense of the above methods must 
preclude their adoption for any great length of shore in general. The 
set of the water against a bank can however often be altered by con- 
structing Fixed or Floating Spurs running out from the shore, which 
deflect the current to the opposite side. 

These spurs generally consist of two or three rc^ws of piles, the 
interval being filled with biMslivvood, which stand well against the 
stream, and by checking it and causing a deposit of silt, gradually effeot; 
their purpose. It is calculated that such a spur will defond seven times 
its own perpendicular length from the shore, viz , four times its length 
below and three times above. For economy of construction, therefore,, 
the more perpendicular such spurk are nm out from the bank the 
better, but as the force of the water is often so great, that if‘placed 
perpendicularly to the thread of the stream, they would never be able 
to stand, and as the effects of the buck-water at the root of the spur 
are also very great, I have found that an inclination of abot?t 45° 
should, in general, be given to them. A system of spurs should be so 
arranged, that the next one is put whei’e the first one ceases to act, 
and the tops should in all cases be well above the surface of the water, 
so that the surface velocity may be checked as well as the under cur- 
rent. If the object is merely to protect the sliore, it is better to use a 
greater number of short spurs than s\naller number of lon^ ones where 
the breadth of the current is considerable : it is evidently useless to run 
the spur into the slack water beyond the current. If the object, how- 
ever, is to deflect the current to a considerable distance from the shore, 
so as to alter the set of the river, then long spurs must be used. 

224. The following is a description of the brushwood spurs con- 
structed between 1855-58, to defend the Cuttack Revetment Wall from 
the action of the Mahanuddee river. — 

In 185C a brushwood spur was constructed, the result of which was two-fold. 
Further silting up of the hollows uyder the rcTCtmciit wall took idacc, and the lipe of 
deep channel of the ri-ver was diverted from a coui.se dead on the revetment wall to a 
very favorable one, parallel to it. The spur consisted of a double row of piles driven 

feet apart from centre to centre, and a width of 3 feet between the rows. These 
piles averaged 15 feet long and 8 inches in diameter at the b 3 ad. They were driven 
7 feet into the sandj' bed, and according as a length of two or three hundred feet was 
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completed, the space between the rows tilled up for a heij-lit of C feet, with fascines 
of brush w'ood, firmly packed and trodden down. The top was then tightly bound 
down by coir ropes, crossed from pile to pile, and the whole was thus rendered very- 
firm and secure. There was no attempt made to weigh down the fascines with stones, 
as it would have been too expensive, and the result proves that this was not required 
for, when the water rose over the spur, none of the brushwood bundles showed any 
inclination to rise, float away, or .resist being confined within the original space 
allotted to them. ' ‘ 

In 185S a second brushwood spur was constructed by Mr. Armstrong, C.E. It was 
1,923 leet long, aYid constructed Similar to the one in 185G. This spur cost 5 annas 
per foot run ; the o'lie of 1 850 cost 8 annas per foot ; the difference is owing in part 
to the fact that the last built spur ivas erected ifliiing the diy weather, while that 
of 1850 was constructed in water. The great saving, however, was effected in 
the pile driving. ^ The engine formerly used could only drive 24 piles per diem, with 
10 men ; the light nnging engine used for the second spur required only 12 men and 
drove on an average 50 piles. To assist the action of this spur, brushwood dams were 
run across the deep pool sin the river, at various distances, from 100 to 200 feet apart, 
according to tlie depth of the water or thefftateof the revetment’s foundation. These 
dams were formed of throe or four fascines , in the centi c were placed one or two 
stones, according to tlicir si/c, and the fasemes tied firmly round them with three coir 
ropes, one at each end and one iii the middle ; these bundles were about 5 feet long 
and 2 feet in diamcicr in the ccritic, and at the end 12 inches or so. These works 
were quite successful in their object. 

225. On the Daniooda river, in Bengal, the spurs used to protect 
the banks from the action of floods are constructed as follows : — 

At an angle of 30° to^ general alignment of the bank, sal piles are 
driven 10 to 12 feet into bed of river, 5 feet apart ; and in a double row, 
also 5 feet apart. These piles are connected by sal ties across, nailed 
by large G-iwch spikes, and are coanected longitudinally by strong bam- 
boos, as ties, in three places ; 20 feet of this piling should be 1 foot 
higher than highest flood, and the piling should be carried inland some 
20 feet. In continuation of the spur, a small earth bund should be 
carried back till it reaches ground higher than the flood, or to some 100 
feet inland. The object of th% is to prevent the water, when it rises, 
from flowing over the crest into the corner made by bank and spur; as, 
up-stream, the water is headed up a couple of feet, and advancing at a 
velocity of from 4 to 6 miles an hour, it pours violently into this hollow 
and gradually cuts the bank away. This action proceeds till the earth 
is cht awa^ from the neck. A little protection, say one brick flat would 
be judicious in this corner. ^The tops of the remaining piles slope 
gradually down to the end, where they are 3 feet above the bed. At 
every 10 feet, a strut down-stream is required. 
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Intermediate to the aal pilea, bamboos (from 20 to 24) are driven^ also 
10 feet deep ; these are beat put in by fives or sixes — being kept upright 
by the longitudihal ties. "Wlien this net-work is complete, 3 feet of stone 
or brick ballast are thrown inside — the top, about the summer level of 
river — the bed being excavated if necessary. On the up-stream side, a 
base^of 10| feet should be given ; down-stream, 3 feet base will suffice. 

In this net-work, fascines or bundles of brushwood (of sal twigs for 
preference) tightly compressed, measuring from 6 to 10 feet in length 
and 9 inches in thick ness, arq packed and forced down — cross bamboos 
laid over will hold these. However much this filling is forced down, it 
will always be found that a great deal of water will pass through. 

Groins, 15 feet long, at right angles to the up-stream face, of spurs 
made of a single row of sal piles and bamboos, and protected by a stone or 
brick base at every 100 feet, will stop, the scour along the fact of the spur'. 

After the first flood, it will generally be found necessary to pack in 
two more layers of brushwood. 

This brushwood spur is rather expeLsive, costing on the Damooda, 
not loss than Ks. 9 per foot complete ; it is, however strong and can be 
quickly made, provided the water be not deeper than 4 feet. It acts 
well, and is said to protect the bank for a length of six times the perpen- 
dicular, where another spur should be introduced if further protection 
be necessary ; but this would only be the case in favorable positions, 
such as a straight part of the river, with a section rather over the average. 

These spurs last a second season with repair ; to trust them for a third 
would be very hazardous. , • 

If they have acted efficiently, they should, in a couple of floods, have 
caused silt to deposit up to their full height. 

226. On the Markunda river in the Punjab, and elsewhere, where 
the cost of deep piling would be excessiv'j, a defence has been formed by 
large branches of trees tied to iron chains which are anchored at inter- 
vals apart by means of the ordinary well foundations. 

These anchor wells were 300 feet apart, 7 feet diameter and 20 feet 
deep below bed at site. In the deep channel an additional well was 
sunk, to resist the greater force of the current at that place*. The well 
masonry is feet thick ; the inside being filled throughout with concrete 
in which five iron-bars of 1 inch diameter are inserted. These bars are 
fastened together below ; two pass up the centre of the well, and three 
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at equal intervals between the masonry and concrete. They are again 
brought together at top and pass through double rings, through which 
the chain passes, and where it is permanently fixed by means of an iron 
clamp inserted between the rings. 

The chain (of f-inch link) was stretched moderately tight, just suffi- 
cient to prevent its being logt by sinking in the quick-sand during floods. 
The trees were tied on with galvanked iron-wire, about 10 feet to 
each ; they covered an average length of 3 feet of chain, exclusive ol small 
trees and branches which were interwoven wherever the trees were thin. 

227. The following is a Memorandum on Tree Spurs, on a similar 
plan to the above, which were constructed on the Eiver Bavee, at La- 
hore, in the year 1865. 

^ place on the right bank marked A [Plate XXXIV.], (where the ground was 
firm and somewhat elevated), having been selected ns the starting point of the first 
spur, a strong moonj rope, 1,250 feet long, and 10 inches in circumference, was 
stretched into the river, on poles, along the line AC ; the end C being secured to a 
heavy crib anchor, 10' x 10' x 10'; and the end A, which stretched as far as D, 
250 feet ir’and, was firmly fastened to a beam of deodar wood, about 14' X 8* x 8', 
buried horizontally in the ground at a depth of 5 feet, and placed at right angles 
to the direction of the rope. 

The poles on ^vhich the rope was strctehed, were driven from 4 to C feet deep 
into the bed of the river, and W'cre from 10 to 20 feet apart. The rope was fastened 
to the heads of tbtsc poles, aTid w'as further secured in its position by anchors, each 
<6* X 0' X C' placed at every 20 feet ; and when it was thus firmly secured in its 
position, trees wxrc fastened to it at short intervals, with moonj ropes passing through 
holes made in their butts. Large trees were placed where the stream was deep and 
rapid, and small ones near the bank, where the water was shallow. 

After the spur w’as thus got in positioti, numbers of other trees were fastened to the 
main rope, so closely together, as to form a dense line of considerable substance, which 
had the appearance shown in the rough sketchc.s. In the i)latc A, A, &c., represent 
anchors ; the firm arrow lines show current of river before the spur w'as constructed : 
dotted arrow lines, after the spur was put up. 

After the above spur was completed, a second spur COO ttct long was constructed at 
BE, in exactly the same manner as the first, to check the course of the river above, 
and thereby help the lower spur. The ends of the main cables of these spurs, near 
their starting points, were thoroughly secured, so as to prevent their being turned by 
the river. 

When these spurs were started, the river flowed immediately below the right bank ; 
hUb as the spurs were pushc^d into the river, and lengthened from time to time, the 
current below them gradually ceased, depositing large quantities of silt, and form- 
ing shoals, whiqh afterwards turned into large sand-banks, and the final result is, that 
the river has been completely turned in its course. These spurs affected the river not 
cnly below them, but also for a long distance above. 

r 



The above spars, after having been put np, required constant repairs and attention. 
Every flood tiiat came down the river, turned and twisted their ends which projected 
into the river, and caused gaps in them in certain i»laccs, which were repaired imme- 
diately after the flood went down a little ; and the whole of the spurs rcstoied to their 
original state in about a ■week after every flood, so as to resist the river more effectu- 
ally in the next floods. 

The river has been checked in its course in this way since Apiil 18fiu, and the 
right bank, which W'as threatened in 1804, has now r>ecn ccjin])lctcly protected. Also, 
the land, upward of 300 acres in aion, which was encroached ui)on by the river during 
the last 12 years, has been rcclaiaiert and rendered fit for cultivation dgam. 

228. Spurs of the above description, cost about lls. 3 per foot run at 
Lahore, and answer best for largo rivers. But on small nullahs and 
petty streams, the same result can be obtained much more cheaply by 
putting up spurs made of stakes and bisoken bricks. 

In 1800,41 S’mall branch of the itavee, which flows to the north of Liahore, about n • 
quaitcr of a mile from the city, set towardsifs iigbt bank above the itucka bridg^^ of- 
the Grand Trunk road, and threatened to bicach the road behind the right abutmenf 
of the bridge. 

To stop this tendency of flic stream, and to protect its light bank and the road froin 
the action of the cmient, thicc si»ui<;, each about 50 fciA in Icngili, wcic put up at A, 
B, and C, on the right liank, jii-ojccting into the ii\cr .at an angle of iiboi.t 45® with 
the current, and coiistiuctod in the following niannci 

Strong stakes 8 to 14 feet long, were fii^t dinen (fiom 4 to G feet deep in the bed 
of the sticani) in a row as close as po'^-'iblc, louinl the idace selected for each spur. 
The stakes after Imiing been thus dincu, wcic fastened and .secured to each other, 
with strong moonj ropes and fascines ; and then the s]).iee enclbscd, was filled np W'ifh 
broken bricks and masses of old pneka masoniw , and the work w'as complete. The 
bank above the right abutment, was also piolected in the same way, with a low' of 
stakes of about the same length as foi the diiAcn from 4 to G feet deep into tlic 

bed of the river, and broken biicks filled in tjie .s]>aee behind them. The btmk of the 
nullah betw’cen the spin. s, was also .sloj)ed back, .and the fi>ot of the slope protected 
with a row' of stakes, driven flush with the bed, and their heads secured together, 
with ropes and fascines. 

The result of all this wa.s, the comitlvtc hiUmg vj? of the stro.am hvfwcen ihe sjfvrs 
and the formation of a new bank, shown by the dotted line a, b, r, d. The old bank 
was protected, the road saicd fiom being breathed through it, and the nullah straight- 
ened and confined to a channel, the w'atcr in winch flowed slraujht on to the pucka 
bridge. 

Similar spurs w'crc tried at one or two other places on the same nullah, and proved 
most effective in protecting the bank below them. 

Tbese latter spurs cost Rs. 2 per foot, hut wherever old bullees and broken bricks 
or masses of old pucka masonry can be obtained chcafj, the cost can be veiy much 
reduced. 

• 229. In the next plate is shown the mode employed oji the Gun- 
duck river in Bengal, for protecting thQ banks of a stream; it is much 
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in use in Italy and Southern India, and was first brought into u9e OH 
the Gunduck by Col. 0‘Connell of the Iloyal (Madras) Engfheers. It 
consists of a screen or frame of mats, stiffened with bamboos and firmly 
lashed to a line of piles, which are driven into the toe of the river slope 
of the bank. These piles are driven in obliquely so as to form a lattice 
work and make an open fork at top, where they cross each other and 
are nailed together. Brushwood is thrown in behind this screen loosely. 
Thus there can be no erosion on the slope of the bank, as the water can- 
not flow through the screen, and remain^ quite still behind it. 

But the current, on being opposed and turned by the screen work, 
rushes along the flice of it with increased velocity, and cuts away the 
ground into which the piles, which support it are driven ; and to per- 
vent it being iinderniined and oxerturned, its upper edge is connected 
Vith the bank by long heavy palm trees, whose roots aro embedded in 
the bank, and whose tops pass through and rest on the open forks in 
the row of piles described above. In this manner, the frame of screen 
work is bound by the Iiead to the bank, and prevented from falling over 
if undermined, or falling back from the thrust of the curreut. 

But it still remains to prevent the screen work, when undermined, 
from letting the current in under it, and causing it to float up to the sur- 
face. This 13 done by forming a platform over the palm trees stretched 
out from the baiils, and w eighting tins 2 >latl’orm with earth or sand bags, 
so that when the sand is removed from beneath the screen, the weight 
above continually keeps the piles pressed into the sand. In !Plate 
XXXV., 7%. 1, the dotted lines show a screen, which has subsided 12 
feet from its initial position, pressed dowui by the w’eight above, as the 
supporting material was withdrawn from below’. “Snakes,” formed of 
straw-ropes platted into a mat filled with clay and made of a cylin- 
drical form are used to protect the foot of the screen work outside from 
excessive erosion. 

The whole of this protective structure costs not over Rs. 2-4 per foot 
run. It has been found a most efficient protection to banks, exposed 
to severe eddies, but its use should be limited to the protection of the 
river banks, as w hen applied to the defence of groynes projecting into 
the stream, it is easily overthrown. 

230, The next construction, and the most important of all, used in 
these training works, is the Groyne. This groyne is run out, at right 
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angles to the direction of the main current, along low sand banks, and 
across small channels where it is desired permanently to turn the 
course of the stream. They are simply earthen bunds, except their 
heads ; the earth being well rammed and turfed with long grass to break 
the roll of the waves on the slopes ; and in places where the bund crosses 
hollows or channels, the toe of the slopes are piled. When a stream 
is opposed at right angles by a groyne, the head of the groyne becomes 
the new bank of the stream and the current bends out towards that 
point for some distance up-stream, and in the angle formed by the 
junction of the bank and groyne, the water is almost still. From 
this it will be evident that the erosion of the stream on such a groyne 
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is chiefly confined to its head 
and a certain distance inwards 
from it, which distance depends 
on the angle the line of the 
groyne bears to the direction 
of the up-stream current ; if it 
is less than a right angle, the 
distance effected will be less, 
but there will be more strain on 
the, head ; if it is more than a 
right angle, the distance exposed to abrasion will increase, until at 
about 130°, the stream will run along the entire length of the groyne 
and its whole length will require to be protected. 

It is found that bunds formed of sand and turfed are quite strong 
enough for groynes with good heads, as there is but little pressure on 
them from heaping up the water on the upper side. The difference of 
level is seldom over 6 or 8 inches. The section used was 4 feet crest, 
and 2 to 1 slopes, and it was quite sufficient. 

231. The head is the difficult part in a groyne. It is probable that 
the bed of the river may be cut 20 feet in a few days, which would un- 
dermine any pile that could be driven into it ; so that piles, although 
used, cannot be depended on by themselves for this purpose. They are 
now used in order to keep the whole structure of the bead together, and 
brace it both vertically and horizontally. FVy. 3, in 'Blate XXXV., is a 
plan of one form of head used successfully. It is composed of two 
rings of bamboo piling 15 feet apart, driven in a circular form round 
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the toe of the slope of the groyne bund at its head. Inside these rows 
of piles is packed brushwood fascines in layers about 2^ feet thick, 
weighted down with sand bags. The bund is. then thrown up inside 
this brushwood fence, and well rammed and consolidated, and by its 
weight serves to keep the brushwood round it pressed downwards and 
outwards, so that when it is undermined, as it is sure to be, the whole 
sinks down in one mass and is built up again in the same manner. Of 
course, the head spreads out on all sides as it subsides, but that only 
gives it a firmer foundation, and, as in filling in from the top a slope 
is formed, the more the head sinks into the river the stronger it be- 
comes. Care must he taken to prevent a chasm occurring when the 
head falls out, between it and the groyne bund. One of these heads 
was put in last year to protect a groyne which had been broken, 
Ihere being at the time 31 feet of water immediately under the 
spot, and it withstood, during the length of the rains, the whole force 
of the river. 

The small Nose shown on the groyne head in JPlate XXXV., Fig, 3, 
is a contrivance for throwing the scour which takes place under the 
toe of the bund and round the head, further out, and where it is used, 
it prevents abrasion inside itself, and accumulates the force of the cur- 
rent on its own head. As^long as it can be held it is of use. 

232. Light coldAveather spurs are constructed of two rows of bam- 
boo piles 4 feet 
apart, and filled 
in with brush- 
wood fascines 
weighted down 
with sand bags. 

They are not 
calculated to 
withstand the 
force of a cur- 
rent, but are useful in training it at low water, and are erected on the 
tail end of shoals to encourage their extension. An example of this 
kind of work, constructed lately on the Gunduck is given in the sketch, 
A, B, C. This river has a volume of about 270,000 cubic feet per 
second, with a velocity sometimes of over 7 miles per hour. The rise 
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from summer to flood surface is 14* feet, and depth of stream at low 
water 10 to 12 feet, so that iu flood the current is 26 feet deep. 

233. Platt^ XXXVI., is a survey of the Itamdowlcc rcath, in the Gunduck Kiver, 
in December 18G9. It will be seen that, in the iiicecdiny; season, the .sticam ran 
along the left bank in the channel H, B ; being driven across from the right bank by 
a point eomposed of kunkiir clay at Thahnra. In 1808, a bioiieh had been made at 
llamdowlec, and a deep nidc elianncl seouicd through the liior banks and bund ; and 
there is no doubt that, but for < he jm)teeti\e noiks of 18(5!), the whole hue of em- 
bankment from Hen all Toll.ih lo Jtamdowlcc would have been cauied away. The 
first thing done was to eicct tliioc s;Jrong lines of Imnds across the breach line and to 
push forward the bank of the liver to its original ]u)sitiou of the year before, raising 
it to its normal height, and ])rolc(tiiig nith a line of the consti action called “scieen 
work,” c, <\ alicinU' dcsciibcd. A low natcr biiishnood sjnir r/, i/, was thiown out 
just above the seieen noik to bioak the foiee ol the eiiircnL against it. Higher up 
anothci brushnood sinir, c, e, was jdaced, to catch any eiMies lansed by the agitation 
and rush of natci at tlie sjnir bund or gioiiie, //, Ij ; and a liltle abn\c this gioi iic, was 
a small spur, «, /i, which it was found nctc^saiy to cioi t in oidci to jiaweiit the cur- 
rent from cutting into the icar of the gioine, which it threatened to do at one time. 

The groiiic h,b, was the most dinicnlt and iinpoilant woik oi this system. It was 
thrown across a deep channel and along a submcigcil sand bank, and was composed 
entirely of sand, tiufcd with sods. It was the liist woik of the kind tiied in this iiver, 
and its head was earned away lour seieial times during the iieshes. After gi eat 
trouble mid many ditleient attempts to iirolec t it, liy sinking boats, sciccu woik, and 
“ snakes,” it was, at last, thoiongliiy and clleeln edy inotecled by a biusliwood head, 
similar to that alieady deseiibed as a “gio}ne head.” The \witei whiili was heaped 
up by tins gioync lushed louiid head with groat Aeloeity and scoured out a hole 
of over 40 feet in depth. This was filled in b\ constant lai in*s of biushwood fascines 
and bags, winch loiiiied foi tlieiiiselies a iialinal slope. The jaiec of head woik may 
be estimated at Rs. 8 per 100 cubic feet, ineliuling sand bags, binding and sinking, 
and bamboo piling. Tins gioiiie caused to be funned the bank A, A, A, aboic and 
below it, the height of winch, it will he seen by llie seelion, is L'o feet, bringing its 
top to a level w ith the bank oi the n\ ci. Tins sand bank extended down to the shore 
of the breach and caused its moulli to choke uj». The gioyiie should haic been made 
longer had the season admitted, so ns to dn\e the cnneiit acioss the n\er aucl on to 
the shoal marked j", x, on the right hank. Tins lias since heeri done. 

234. Plate XXXVII , is a siii vcy of the Lallgnng Reach oL the G unduck. In the 
form of the channel and the position of the point tlneatenod, it is lery similar to that 
at Ramdowlce. A high kinikur foiniutiou on the i iglit bank leads the stream directed 
against the Saltpetic Factor} at Jaluinabad. B, B, shows where the main sticam ran 
in 1808. The water in high frc.shes sjaead cner the Decinali, y ; and in its endeavor 
to diseborgc itself through the narrow channel, opjiosite the Saltpetre Factory ; rushed 
with* great force round that point and SLoured out the ground immediately under the 
slope of the bund to a {^rcat depth. A spur bund was throw n across the low land of 
the Deearah, made cntircl) of sand, and a licad was made to it, which although carri- 
ed .away three times, was at length ic-built iu the way done at Ramdowlee. This 
groyne, it will be seen, has produced a great effect on the direction of the stream, 





SKETCH OF THE LALLGANG REACH-RIVER GUNDUCK. 






IG7 


causing it to cul away the shoal a-, x, on the right bank, and to deposit larger sand 
banks A, A, A, at the threatened point. The width of this sand bank near the fac- 
tory is 2,000 tcct, and its height {see section) is IC tcet. 

235. It is a mistahe to suppose that intermittent attempts at con- 
trolling rivers of tliis description are sufficient. Woiks of this nature 
should bo permanent, if the protection is to be permanent. No extent of 
shoals or sand banks can he depended on for one season, as a protection. 
A mile in length and half a mile in breadth can be melted and carried 
off in two days if the river set on it. It is, therefore, necessary to have 
them repaired, extended, or modified every season ; there is no such thing 
as turniug a river of this sort once for all, and then leaving it safe. 

Cold-^\eather iraliiing woiks arc also coniinualiy necessary, because at 
that season, the high water groynes, Ac., are high and dry, and do not 
control the stream at all ; and it has liappoiied that all the benefit ac- 
cruing from their action has been •destroyed by the stieam in the low 
season, which, being a small volunio and of greater velocity than the 
freshes, runs in and out among the high ^\atcr spurs \\itliout being in the 
least controlled by IhoJii, doing great mischief. Low-water brushwood 
spurs, as already described, arc used for this purpose: they cost from 
Rs. 2 to 2-8 per foot run, driven and filled with brushwood. Tins des- 
cription of work is of.great\alue iu training a large stream, as it is 
found that the direction which the main stream takes in the cold season 
will be almost exactly the same as that which, if let uncontrolled, 
it will generally keep during the floods. 

230. But, for cold weaHicr spurs to have much effect, they should 
be commenced tw’o or even three reaches above the point to he protect- 
ed. These deltaic ri\ers (as is w^ell known), whose large silt laden 
volumes flow with small velocities, in wide beds filled with sand, are al- 
ways serpentine in their channels. Their streams are continually engag- 
ed, while forming a shoal above on one side, in moving away another 
shoal below on 
the other side : 
and, having car- 
ried it a short 
distance down^ 
the channel, de- 
positing it again in another shoal ; so that there is always one sbelv- 
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ing and one steep “bank, the former silting and advancing, the latter 
abrading and receding. The section shows the normal section of a 
deltaic river channel. The cutting, except where some obstacle restrains 
and checks the stream, such as a sunken boat or a spur head, is almost 



always done by the edge of the current and not by the bottom of it and 
thus the greatest alteration in direction of the channel takes place 
when the river is falling or rising, and low, and not when it is full. 
It appears desirable from the experience gained in these works, that 
all training or protective work should be placed on the shelving bank, 
as shown in this sketch. This is not so dilTicult to do as may appear at 
first. The silting and the abrading banKs are always alternate and 
reciprocal, as in this sketch. Suppose A is the point to be protected ; 
instead of placing a work at or near A, it would require one of a slight- 
er construction, and be more elTicient at c, its reciprocal silting bank, 
by which the point above it would be remold, and the channel take the 
direction of the dotted lines. The higher up this system was continued 
from the threatened point, the better ; and, indeed, there is no doubt, 
to train a river effectually and easily, not isolated spots, but its whole 
course should be controlled. 

237. Mr. Leonard, C.E., in his report on the Training of the Ilooghly, 
mentions a brushwood spur used on the Vistula and Danube, in Aus- 
tria, with great success. It is composed of rafts of brushwood made of 
fascines, strongly lashed together, about 3 feet in thickness, and 20 to 30 
feet long by 10 to 15 broad, the centre of which was filled in with stone, 
good clay, or sand bags, and the rafts were then sunk on the site of the 
spur one over another, until the spur reached the water level. This is 
nearly the same method used in the Gunduck, and is much cheaper than 
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any other that haa been tried, and the only protection that is known that 
can be depended on to last through the season. 

238. Where stone is available at a cheap rate it is generally the best 
material for these works, especially when the depth of piling is great, as 
timber piles of any length are often very dear. The following practical 
bints on such works will be found useful : — 

For works in depths of over 2^ fathoms, use the largest stone avail- 
able ; small stone, used merely to fill up the interstices between large 
ones, being useless — wasted in fact. Tho base of the spur may be laid 
out a few feet more than double the height ; the stones will stand well 
at slopes of 1 to 1, and there is no necessity for more than a few feet 
in width at top. In depths of from one up to two and a half fathoms 
use ordinary guide and sheet-piling, like the sides of a common coffer- 
dam, with a line of brushwood about 6 feet wide and 2 feet deep, sunk 
on either side, to prevent washing about the feet of the piles. In depths 
of less than one fathom, two rows of jungle-wood piles, driven at dis- 
tances of about 3 feet apart each way, the space between filled in with 
brushwood secured down with clay, or stones, <S.c. 

As the depth of water in which the large spurs must be built is often 
considerable, it will be necessary to adopt every available means which 
may be likely to economiz&»material ; the following plan has often been 
found to effect a great saving. The spur should at first be laid out only 
large enough to allow of its being carried up to the level of low water; 
as it will generally be found that, when the stone-work is carried up to 
this level, a shoal will be formed on one side, or perhaps, on both sides 
of it. When the shoal is completely formed to the level of the spur, a 
line can he set out on the shoal and old spur, of dimensions sufficient to 
allow of its being carried up to half-tide level. Ilalf-tide level will 
^■generally be found high enough to carry the stone- work ; but if, when 
the shoal forms up to this level, more will be found necessary, another can 
be laid to be carried up to ordinary high-water. By proceeding in this 
way, a great saving may be eflected if the scheme bo successful ; while, 
if it fail, that is, if silt do not accumulate as the work proceeds, the 
worst that can happen is, that the spur must be carried up as it would 
have been if the attempt had not been made. 

When building in currents, the site of the spur should be covered 
completely over with about a foot deep of small stones, or very coarse 
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gravel, before any part of the work be carried up more than ri few feet 
in height. This precaution is necessary whatever kind of spur be used ; 
if it is not attended to, the current, which always runs round the spur- 
head, will deepen the site of it as the work proceeds, so that a work 
which was intended to have been in 10 feet of water may be really car- 
ried out in 20. The deepening goes on gradually and almost impercep- 
tibly : but the loss of material caused by it is often very great. In the 
case of small pile and brushwood spurs, the piles may be all driven 
first, and then a thih layer of brushwood put over the bottom, before 
any part of the body be raised. 

239. Floating Ireak-waters^ consisting of an arrangement of logs made 
more buoyant if necessary, with casks, are also recommended for deepen- 
ing the channel of a river, protecting a shore from inundation, or re- 
moving a sand bank. If these floating logs are moored on the edges of 
the navigable channel, athwart the stream, the current would be thrown 
more into the bed or middle of the river (from the corner where the 
logs are supposed to be fixed), till it is opposed by the next log fixed 
at the next corner; whence, again, a new and improved direction of 
the current may be given ; by thus w^orking at the different corners 
where the stream has a set on the shore, and is tending to increase 
the elbow already formed — and rememberng always, that the angle 
of incidence is equal the angle of reflection, which will determine the 
inclination of the logs, a considerable effect may be gradually pro- 
duced by the bulk of the water being impelled into the middle of the 
channel. 

If the connected logs, are, instead of being placed athwart the stream, 
so situated as to keep back the water contained in its channel, and are 
kept at command by having chains at one end secured to the bank, and 
at the other end so fixed as to maintain the logs directly across the 
current, and if this be done on both sides of the river, there will be a 
rush of water between the ends most distant from the banks, which will 
constantly act in deepening the passage in the middle, and generally 
along the bottom. Wherever shallows occur, this method would be ap- 
plicable. 

In this way floating spurs can bo fixed, being movable as on a pivot 
at their shore ends. These logs should always he movable, so that their 
inclinations may be altered as the set of the stream gradually changes, 
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and tliat tboy cau be removed during flood time. Their depths and 
breadths must be proportioned to the power of the river. 

2^. 2. To prevent Inundations, either the set of the river must be 

altered, or Embanking must be resorted to, or a free’er outlet must ho 
afforded to the flooding waters in their course down-stream. To effect 
the Jlrsf^ the means already described may be resorted to, the attempts 
being continued with perseverance through several successive seasons. 
The second has been already treated of. 

The third remedy is often applied by •straightefting the bends of a 
river, so as to increase the fall, and, therefore, the velocity of the stream, 
but the system is now generally condemned, unless it can be carried out 
down the whole course of a river. For the effect of straightening any 
j)articular bend by a cuUoff^ is simply to save the land above at the ex- 
pense of that below, the flood waters being thrown into the river below 
the cut-off more quickly than they can be passed on, while nature re- 
vengeh itself in the end by caving* out the banka until the velocity of the 
stream and resistance of the banks are again equalized, or perhaps, by 
establishing another bend. The greatest benefit to be given in this 
direction would be by confining the exit of the water to one channel 
through the delta, whereby the depth of water would be increased, 
bars at the mouth swept away, and the flood waters above passed off. 
Of course, such an operation on the delta would involve great expense 
and much Engineering skill, but both money and skill would be 
expended in the right direction.* 

241. 3. The most common Ohstacles to Navigation in Indian Elvers 
are rocks — kunkor banks — sunken trees — and sand or mud banks. 
The last are best removed by diverting the current of the river against 
them by means of spurs as above described. Dredging may also be 
resorted to in particular cases, but it is generally very expensive and 
attacks the effect and not the cause of the shoal. The works generally 
employed for removal of these shoals in Indian Eivers are called bandels^ 
and are similar to the screens already described. 

242. The following simple dredge has been proposed for opening 
a channel through shoals when bandels have alrelbdy been construct- 
ed, 

* The Amaaon, which discharges its waters by a single mouth, curries them 150 miles into the 
'->ca, and effectually prevents the formation of any bar. The mouths of a delta liver carry on the 
“•lit a short distance at n feeble rate, when it is met by the tide and thrown up in the shape of bars. 
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B — Scoop. 

C— Eope for raising scoop. 
D — Anchor. 

E — Platform on which to 
throw the stuff. 

EE — Beams tying sides of 
boat. 

Gr — Platform for men to 
work the scoops. 

Baking up the sand, by drawing a “ furrow ” through it to be carried 
off by the stream, has been tried, but found not to answer. This 
would be very effective in clay, or clay and sand, but in sand alone, 
lying for some distance along a shallow channel, its action would be 
very limited. 

243. Sunken trees are generally removed by blasting, and the follow- 
ing account of work of this kind as actually carried out on the Qogra 
river, in Oudh, by the late Lieut. Carroll, E.E., will give all needful 
details, and be found useful by those undertaking similar work. 

It is necessary, in the first place, to describe the general features 
which produce the difficulty of removing a sunken tree. The current 
of the Gogra flows in many places 2| miles an hour, or 3‘G feet a second. 
This speed is quite common round the edges of a kunkur rock, or be- 
tween the branches of a sunken tree ; in many such places it is much 
higher than this, and as the pressure of the current is proportional to the 
square of the velocity, the difficulty of working boats, or placing charges 
of gunpowder may he considered to increase in the same ratio. The 
trees are found sometimes wholly, sometimes partially, immersed in the 
channel, or they are found partly or wholly buried in the sands, and 
only creating danger in the rains, when the floods rise over their 
branches and hide them ; or they are found thrown up on the sands 
and not imbedded, or lying fallen on the banks ready to be swept in at 
the next floods ; but wherever they are found, they ofter a very in- 
difierent mark for" the action of gunpowder. The roundness of the 
branches and their small surface compared with their strength, the 
toughness of the roots, and the massiveness of the stem, combine to 
make the removal of a large tree a tedious and difficult matter. 


A — File for keeping boat steady. 
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244. The means at first employed for the blasting of trees in the 
absence of better ones, where charges of from 25 to 50 lbs. of gunpowder, 
contained in tin cylinders, and fired by means of tin tubes rammed 
with fuze composition, and attached to the cylinders by a water-proof 
joint. The cylinders were provided with loops of iron-wire projecting 
from the side, by means of which they could be lowered into the select- 
ed spot, by sliding them down bamboos, previously driven in and stayed 
against the branches of the tree. This method of placing the charge 
has been retained, as it is found that no moderate w'eight attached to 
the cylinders will retain them in their places in a strong current, and 
because in many places a diver cannot be safely sent down to place the 
charges ; but the mode of firing by fuze tubes was abandoned as soon as 
possible ; it is very inconvenient at any time, and the tubes were liable 
to break ; they were also very uncertain in depths even of 0 feet, and 
they could not be employed at all in considerable depths. 

245. Another method of firing charges employed has been found 
very eftective and, — granted that the cylinder and tube have been pro- 
perly tested, — it is perhaps the most certain of all. Instead of the 
thin tin tubes above described, a tube of about three-fourth inch dia- 
meter is employed, and soldered into the cylinder near one edge. A 
thin bamboo lashed to the -cylinder and tube secures the latter from 
being injured, and the cylinder and tube thus prepared and tested can 
be stored in the magazines ready for use. The testing is done simply 
by filling the cylinder with water, through the tube, till the latter is 
full to the top. If the cylinder will stand the pressure of a 10 feet 
head of water thus applied without leakage, it will bear to be immersed 
(when filled with the charge) to a depth of 15 feet, or if very tightly 
filled, to a depth of 20 feet. The charges thus prepared may be placed, 
as before described, by sliding them down on bamboos into the chosen 
spot. 

The firing is effected in the following way, which is believed to be 
novel. Into the top of the tube, which projects above water, is fixed a 
fuze which is rammed in a tin tube 9 inches long and of a slightly con- 
ical shape. The composition of the fuze contains near its head a pellet 
of iron of about half the diameter of the lower end of the tube. The 
burning of the fuze makes the pellet red-hot ; it is prevented from 
blowing out upwards by two cross wires, and consequently when the 
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fuze has burnt out, the pellet drops through the tube, and ignites the 
gunpowder. A large number of charges have been fired in this way, 
and no failure has ever occurred through the pellet's not falling or not 
being hot enough. Charges thus prepared have been used in from 15 
to 20 feet of water, and it is manifest that with flexible tubing, such 
as block tin gas-pipe, that they might be employed in much greater 
depths and with some advantage where time did not admit of the con- 
struction of a galvanic battery. The fuzes should be rammed with 
ordinary fuze composition, which is a mixture of — 

lbs. oz. 

Saltpetre, . . . . . 3 4 

Sulphur, . . . 10 

Mealed powder,. . . . . . 2 12 

and care should be taken that the pellet is always considerably smaller 
than the tube it has to fall through, and that it is not angular in shape. 

246. The Magnetic Battery has also been employed on the Gogra 
with success, and though the mode cf using it and the construction of 
the fuzes are amply detailed in Messrs. Wheatstone and Abel’s Eeport 
on the subject in Volume X. of the Professional Papers, Royal En- 
gineers, part may be repeated here in order to render the account of the 
rough, but effective fuze here employed more distinct. 

The ordinary fuze consists of a wooden plug carrying a gutta-percha 
core inserted through its axis, and containing two fine copper wires in- 
sulated from each other. The core projects three-fourths of an inch 
from the lower extremity of the plug, and its end is cut oft’ clearly, so 
as to expose the extremities of the wire, which are one-sixteenth of an 
inch apart. The upper ends of these, insulated wires are separated from 
each other, and put into connection with two small copper tubes or 
eyes, which are fixed crossways in the head of the plug. These eyes 
are intended for the reception of the main wires of the battery, and the 
current in passing has to ftow by the insulated wires contained in the 
core of the fuze, and to leap the interval of one-sixtenth of an inch 
which separates them. To enable it to do this, the exposed ends of the 
wires are covered with an explosive composition of feeble conducting 
power, consisting of an intimate mixture of the following ingredients: — 
Sub-phosphide of copper, . . 10 parts. 

Sub-sulphide „ 45 „ 

Chlorate of potassa, . . 15 „ 

About a grain of this composition is inserted into a small cap of metal 
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foil which is twisted on the end of the gutta-percha’s core ; and the 
bursting charge is contained in a tin tube of a few inches in length, 
which is fitted on to the end of the fuze plug, and corked at its lower 
extremity. 

When the fuze is about to be used, and has been prepared in the 
manner described, the end of the wire which leads from the battery is 
pressed into one of the copper eyes, and another shorter wire is pressed 
into the other eye, and its upper extremity put into connection with the 
outer surface of the vessel containing the charge, if it be of metal or with 
a metal plate attached to it ; if it be of wood, the circuit through the fuze 
and main wire is completed by the water between the surface of the 
cylinder (or the metal plate), and a metal plate attached by a short wire 
to one of the poles of the battery, and immersed in the water. The neck 
of the cylinder through which the fuze has been inserted is of course 
stopped with a water-tight plug. The charge being thus prepared and 
placed, the boat containing the magnetic battery is withdrawn to a con- 
venient distance, and the charge is fired by a smart turn of the handle of 
the battery, which by causing the armatures of the magnets to rotate be- 
fore their poles, produces the succession of induction current necessary 
for ignition. The main wire leading from the battery must be carefully 
insulated from the water, and the connection of the return wires with 
the water carefully made. The other connections with fuze and battery 
need not be made with as much care as when working with the galvanic 
battery, for, here we have to deal with electricity of higher tension than 
is produced by any galvanic battery of moderate power. 

247. This description of the fuze and its use, all of which may be 
found in greater detail in Messrs. Wheatstone and Abel’s Eeport, above 
referred to, renders it easy to describe the rough but effective fuze, on 
the Gogra, employed in a few words. In place of the wooden plug, a 
cork is employed, which does the double duty of holding the gutta-percha 
core and of corking the cylinder. The core itself, instead of the carefully 
manufactured article above described, may be simply made by taking two 
pieces, each a few inches long, of single insulated copper wire cut from 
the coil employed as main wire, cleaning them for about half their length, 
and fuzing them together by passing a hot iron over the gutta-percha 
with which they are covered. They are then pressed together till the end 
of the wires are one-sixtecuth of an inch apart. A shorter interval may 
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be employed with adrantnge, say one-tweuty-fiffch of an inch. This core 
is passed through the cork, and the portion of the fuze wires which have 
been cleaned and exposed, project above it for the purpose of making 
connections. One of these, supposing Ihe fuze to be primed and placed 
in the cylinder, is bent over and put into connection with the metal of 
the cylinder generally by folding it up with a little slip of tin projecting 
from the neck ; the other is put in connection with the main wire of the 
battery. 

The priming of the fuze ia previously effected by cleaning the inner 
end of the core, wrapping a small paper cartridge round it, inserting a 
grain of the magnet fuze composition and filling the rest of the cartridge 
with mealed powder slightly rammed, to prevent it and the fuze com- 
position from separating from the end of the wires. The end of the 
cartridge may be plugged with wax. This small cartridge is quite 
sufficient as a bursting charge for 50 Ih. charges ; but for larger charges 
a larger one would be preferable, and could be tied round the cork, 
which would thou be passed altogether into the charge, and other 
arrangements made for corking the cylinder. 

24S. A water-proof substance must always be employed to cover the 
top of the cork, and protect the connection vf the main wire with the 
fuze which is just outside il, from tbo WvVter. The substance here 
employed is that called Kill’s composition ; it consists of a mixture of 
the following ingredients, slowly heated together : — 

lt)S or,. 

Resin, ... ... ... 7 8 

Pitch, ... ... ... 6 14 

Bees’ wax, ... ... ... 6 14 

Tallf^w, ... ... ... 1 14 

In warm weather it should be kept cool in water, or it becomes too soft to 
use with convenience ; in other respects it is perhaps the best and most 
flexible water-proofing that can be employed — an important point where 
any fuze or wire leading from the cylinder is liable to flexure or vibration. 

249. The only precautions that are necessary to be taken with these 
fuzes, beyond the. perfect insulation of the mam wire from the water, 
are that its connection, which is just outside the cork, should be kept 
out of contact with the surface of the cylinder, and that the cylinder 
itself should not be washed^ over with any water-proofing which would 



insulate it from the water and check the return current. The main 
wire should also be tied to the cylinder, so as to prevent any strain 
coming on the fuze or its connections. 

The percentage of failures with these fuzes has been exceedingly small. 
Out of 60 charges lately fired in depths of from 8 to 20 feet ot water, 
and varying in amount from 50 to 450 lbs., there have been only two 
failures, and these were due probably to defective insulation of the 
main wire and not to the fuze. 

250. The Magnetic Battery and insulated wire were obtained from 
the Telegraph Department ; the latter is copper of about one-eighteenth 
inch diameter, coated with gutta-percha. The battery is contained in 
a box about 14 inches square, and 9 inches high. Its great advantages 
over the Galvanic battery are, that it requires the use of no liquid ; it 
is always ready for use ; its power is constant ; and it is more compact 
and less liable to injury. The magnet fuze composition was prepared 
at Calcutta, but as it may sometimes be impossible to procure it, it is 
important to know a substitute. Mealed powder* when moistened to 
a certain extent is an excellent one. The mode ot preparing it is describ- 
ed in the Eoyal Engineers’ Professional Papers before referred to, but 
may be repeated here. Dissolve chloride of calcium in alcohol till the 
solution is saturated ; siee]? mealed powder in it till it has thoroughly 
imbibed the alcohol and with it the chloride of calcium. Dry the mealed 
powder completely, and preserve it so in a closely stoppered bottle. 
When required for use, a few minutes exposure to the air will, by absorp- 
tion, render the powder sufficiently moist for use ; this may be known by 
its showing a tendency to collect together into small granules. It may 
then be used in precisely the same manner as the sulphide of copper 
composition. Twelve or fourteen trial fuzes have been fired with this 
composition in succession without failure, but it has not yet been employ- 
ed in place of the magnet fuze composition ; the trial was considered to 
prove that it w^as sufficiently certain for ordinary use. Mealed powder 
may also be moistened to the proper degree for priming fuzes by simply 
folding a small quantity in thin cloth, and breathing through it. It is 
apt, however, to dry too soon, and it is not by an^ means certain of igni- 
tion. Nothing further need be said oii the subject of charges, but 

it may be added that tho charges in common use are 25 and 50 lb. ones, 

• Could not be depended on diirlng the hot grinds or verj' dry weatber.-W. .T. C. 

2 A 
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contained in tin cylinders. For use in depths of 15 feet and less, these 
cylinders require no strengthening, hut for greater depths they should 
be strengthened with either stays or rings. 

251. It will render this account more complete, to give a few in- 
stances of the demolition of trees, out of the number that have been 
removed on this river. 

In December, a large scnml tree, Ijing 200 foct from tlie banks at a -Nillugc called 
Chuprec, was removed by blasting. The dc])t,h of weaker at the root, which lay up- 
stream w'as 20 feet, ivnd the cunent 2^ miles per hour. A number of separate 
branches spread out under and above water, and \verc demolished by separate charges 
of 25 to 50 lbs. of powdci The root and stem gave most difficulty ; the laltcr w'as 
however broken by tw'o .successive charges .miuI separated and dragged to shore by 
crab-capstans. The root which spread out in iriegular masses to a diameter of 20 
feet facing the current, resisted a great number of clnirgcs, and several cylinders were 
broken on its projection, otlicrs of the charges Iwoko otf portions, but brought othc’- 
iicAv ones up to the surface. The tree ivas tinalh demoli.slied alter the expenditure 
of 850 lbs. of powder. It would have been a manifest saving (d time li a 4001b. 
charge could have been plac^ed near the root, but the strength ot the current, and the 
sha])c of the root, rendered it impo.s.siblc.* The erab-ra]>stans employed w'crc roughly 
made, but have proved very serviceable. They aie a convenient mode ot obtaining 
great power, and a few caiitcnters and blacksmiths can make up one in a day or twt). 

In February, a large tree l.>ing near the bank at the ullage ot Ta | poor was ic- 
moved. The stem W'as a muss <•! w'ood ot about 10 feet in tliuiuetcr, and the same 
in length. The branches W'erc dcniolit-hed in the ordinary way, but .">0 tb. charges 
had no effect on the stem. As its upper .^idc projcctcu above the suiiace of tlic water, 
it was ultimately split uji by small charges placed in holes bored in the w^ood. Here 
also a charge of 300 or 4U0 lbs , if effective, w'ould have saved time ; but ueith'r w^a* 
there a good position for one, nor do I hcluwc that it would have bad any further 
effect than to throw the, stem a short distance to one side or other, as the wood w'as 
perfectly souud, and of great strength. 

Near the same place a large tree lying hal f on the bank and half in water was 
demolished by a 200 lb ch.arge, followed by a few small ones The charge was 
placed in a cask under a hollow of the tree and in the w'atcr ; the timljcr directly 
over the charge was about 12 feet thick, and embraced a palm tree that bad grown 
with it. The timber around it was completely .shattered by the cx])losiou, but the 
palm itself w'us unhurt. Here the good ejfect of the charge was due to the timber 
being rather decayed, and to the good position in i\ hich it was placed. 

In February tw^o trees, each 9 or 10 feet in diameter, were removed from the river 
at the village of Belthfah. The w’atcr was too shallow for the use of large charges. 
On one of ^em a few 25 to 50 Hi. charges were first employed, and the stem was 
lifted out of the sand, so as partly to project above water ; it was then split up by 
small blasts placed in the wood, and its demolition completed with 25 and 50 lb. 

• Large boats could not safely be got into position in front of such a tree, and even if they could, a 
cask large enough to contain 400 lbs. of powdci would oOcr such u surface to the current ns to be 
quite unmanageable ; in some positloua a cask may be sunk by another plan, deucribed further on. 



t'hargcs. The other tree was vetnoved in the same manner, and in both eases the 
fragments, which were large, were dragged out by three capstans working together, 
and hauled up the main bank by an English gyii. Attempts made at the same place 
to remove a sunken banyan tree were nnauccesstnl. The roots resisted several small 
charges, and ultimately a charge of Ida lbs , and a force of 10 tons applied by means 
of capstans and cables, had no effect in tearing them asunder. 

Ill February, a large tree lying on the sands above the water Icicl was demolished 
by means of two 2.“) Ih ehaigos, filed sinmltancously in the following manner — 
From the main wire of the liattery, a branch was led to each charge, and as the cjlin- 
ders lay ni dry sand, whcicas a moist connection is necessary to comjiletc the rctmn 
ciiTuit, the return wires of the fii/cs were conneite^l with nieliij rods driven down into 
the san<l till moisture was reached To make the connection more iierfcet, water was 
poincd o\er each c'linder and the sand round it. The hattci} was 1(K) ' ai ds away 
at the edge ot ilie river. Tlic letmti wire and plate were imnar.Ned ni the watei as 
u.siiitl Ijoth charges Ignited jiei leal) sisiniliaiieousl v . 

Ill March u laige tiee Iving in dead watei, and a stiong cun cut at the village of 
Tick) all, was ]jartiall} removed. Here also two charges weie tired simultuueously, 
hut with little eJfeet ; ulhmalel) a chaigi* oL ‘irjfi lbs was sunk and tired m the 
following manner —A cask wms pie]wied and taired, and two lings of hoop-iron 
vi'crc nailed on its ends, so ivs to project liom its Mde-. and .dlow it to slide down a 
rod. A bamboo 4 inches in diameter was diivcn in tin' best s])ot available, and the 
cask was passed on to this bv means ol tbe rings , it Ibcii stood tloating on tbe water 
in an upright position and cinjitv, but with tbe fii/.cs prepared and inserted. In this 
ease the indcjiendent fuzes were emjdoved, as it would have been a difliciilt matter to 
u'coAor the cask liad one faded. The cask was filled and sank in its j laee in a depth 
‘>f 20 feet, by weights ; the bamboo was secure!) slayed against tbe tree, and tbe 
main wire being connoctcid with^one of the fuzes, the boats were drawn away, and the 
charge fired * The effeel w^as not so good as might have been expected , some lower 
brarielies were separated and the tree was thrown into an upright position, but the 
stem was ([uite uiiiiijured. The remaining ojieratioiis require no notice. 

A tree hnried in the sand and liable tc become dangeious on the shifting of the 
channel, was attacked in the iollovving manner- — Its jiosition and size were first 
aseci tamed wnth iron soiuiding rods. The stem was found to he 8 feet under the 
sand, and 7 feet 9 iriehes under tlie water level. A good position being selected, an 
iron tube IT loet 0 inches long, and 1 foot in diameter, was driven down beside it 
to a depth of 11 feet, bv means of a rivf/mj engine. The tube was then bored out 
to a dc])th of 10 feet with a boring tool 10 inelies in diameter, and provided with a 
leather sand valve. A oO ft), charge was passed down the tube to that depth, and 
the tube w-as diavvn by a dilfeii'iitial jinllcy hang to the lutgivg engine. Tlic charge 
was fired by means of a tin tube and jielict fuze hiit without much effect. It was nei- 
ther large enough, nor had it hern i)]accd deep enough. The lube should have been 
driven 12 feet deep, and a 100 If), charge jdaeed at a lowoi level than the stem. Time 
did not admit of rejicatiiig the operation, l)ut the moic dangcrqns part of the tree was 
removed by othei means. , 

* In this nianuci the ding of the nirront on the c.'isk was icnrloicd havmlesF, and in =ipite of it the 
) harpe was siicccsMulli sank in to itb position iindei a pc i feet net-vvoi k of biaiiehO'j, m a place where 
it wc-uld have bee'll (piitc unpossihlo to himp a large boat 
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In this operation the Ringing engine was woiked in the following way . — The 
rope attached to the rani was passed down, and thiough a block at tin rear uf the 
engine, it was carried a long distance to the rear, attached to a ]ieg and w (U'ked alter- 
nately by two parties, one of which took it up when the other dropped it, and the ram 
had fallen. In this manner nearly double the ordinary number of blows were de- 
livered in a minute, and the men were not fatigued to the usual extent ; but of course 
a double working party was necessary. 

A large tree, lying in the sands near a village called Gyaspoor, was removed by 
small blasts fired in holes made by means of a lever diill. This diill, wliich was 
made up out in camp, consisted of an iron frame, carrying a wheel 1 foot in diameter 
and working on a vertical axis. The frame was provided with kevs for chim})ing it 
on a square iron-rod 5 feet long, and pointed at one end. This rod could be readily 
hammered into the stem of any tree it was required to bore, and the diill chmipid 
to it could thus he brought to hear in any desired diroetioii — vcitieiil, sloimig, or 
horizontal — the axis of the wheel was pierced to can\ a scpiare iron-rod, in tin 
lower end of wliich the drill hits were fixed. The np])er end was pointed, and pies- 
sure W’as ajiplied to it by means of a Icvci clamped at an^ lecjiinod height to tin; 
rod driven into the timber. The drill was dihcii fiom a .‘l-fi'ct wheel placed in anv 
convenient position ; it w^as capable of boring b-mch holes W'lth moderate rapiility. 

252. The following account of the removal of kunkur banka ia by 
the same officer: — 

The featurea that these rocks usually present have been already des- 
cribed, and it only remains to state the means that have been employed 
in attempts to remove them. The tirst triads were made last year on a 
small rock of thin kunkur, lying in from 2 to G feet of water, and in a 
strong current. The apparatus employed was a species of small coffer- 
dam of a portable character, consisting of an outer and inner frame and 
sheeting, and including between them 2 feet 6 inches thickness of strong 
clay puddle. The space enclosed was a rectangle of 4 leet G inches by 
3 feet 6 inches, the object being to dry a space sufficient for a miner 
to work in, and drive a shaft down through the kunkur, in which a large 
charge might be placed and fired. The outer sheeting of the dam was 
supported by four frames, rectangular in shape, and each 10 feet 
by 3 feet 6 inches high, braced diagonally and made of inches sal 
scantlings. These frames when bolted together at the angles formed a 
square enclosure, within which the sheeting was put down vertically in 
6-inch w'idths. Th^ sheeting was supported at the back by longitudinal 
pieces parallel to the top and bottom rails of each frame, and inches 
within them. These pieces could be put in position after the frames 
had been bolted together. 
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The inner framing was constructed in the same manner, only smaller, 

BO as to allow the space between the walls required for puddling. The 
surface of the rock being very irregular and steep, it was necessary to 
put down the coffer-dam in the following maimer : — Two boats were 
anchored over the rocks, and the outer frames previously bolted together 
so as to form a square enclosure, were let down into the water. A few ^ 
pieces of sheeting were then dropped in at the angles, and wedged when 
resting on the rock. The position and stability of the frame being thus 
secured, the remaining sheeting and the inner frarpe were rapidly put 
in, and the puddling commenced. The attempt to dry the dam failed; 
it was found that the substratum was sand, and the water came up 
through cracks with which the surface of the kunknr w^as covered ; but 
there is no doubt that this kind of dam could be used occasionally with 
advantage where the material to be removed is solid rock or kunkur 
underlain with clay ; it is very portable, and could be put down and 
taken up much more rapidly than a dam supported by any arrangement 
of jumpers driven into the rock. 

253. The next attempt on the same rock was made with boring tools 
of rough construction. A portion of the kunkur in 4 feet depth of 
water having been broken up, an attempt w^as made to bore down, 
through the substratum, ^ith the object of placing a 50 or 60 lb. 
charge at a depth oTt 0 leet, or thereabouts, below the kunkur. This 
attempt also failed from the fact of the sandy substratum being too 
fluid to retain any hole. 

Trials were next made on a rock 80 feet long by 50 feet in width, and 
partly above water ; the substratum in this case being clay, the boring 
tools proved quite effective. The operation of placing and firing the 
charges ultimately took the following shape A 2-inch iron-bar was 
first driven down into the kunkur to a depth of 6 or 7 feet, and drawm 
into the hole thus formed, a small charge of powder contained in a thin 
cylinder of tin was inserted to a depth of G feet and fired. It was found 
that this charge by its explosion produced a narrow crater in the kun- 
kur about G feet deep, and after clearing the hole with a boring tool 
about 1 foot in diameter, a 50 lb. charge was readily placed at a depth 
of 6 feet under the kunkur, whether -under or above water. It made 
little or no difference in the rapidity of the operation whether the kun- 
kur lay under or o\er water. The hole having been tamped, the charge 
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was fired with the pellet fuze,* producing a crater of about 18 feet in 
diameter, and 6 or 7 ieet deep. In this manner the rock was rapidly 
blown away to a depth of 6 feet under-water, the whole operation not 
lasting more than ten days, and had arrangements been more perfect, 
this time would have been shortened very much. 

' 254. In the following season, attempts vrerc again made on kuukur 

underlain with sand, and under 3 feet of water. The following method 
was now adopted : — Boalft were prepared with framing, and planks 
sufficiently strong to bear a heavy strain ; they were anchored over the 
rock with an interval of a few feet between them, and lashed together 
by cross-ties. A light triangle was erected on the boat, and from it was 
first suspended a beam of wood, shod with a heavy cast-iron pile shoe, 
and slung from a pulley. This was worked up .and dowai like the ram 
of a ringing engine till the surface of the kunkiir was completely broken 
up over a small space. On tlio spot tlius broken up, an iron-tube 11 
feet 6 iuches long, and 1 foot in diameter, was now placed, and driven 
by a ram slung from the triangle, and worked as before described. 
When driven to a depth of 7 feet, it was bored out, and a charge of 50 
lbs. placed at a depth of 0 feet under the kuukur. The tube was then 
draw'n with a dificrentiai pulley, and the boats being removed, the 
charge was fired by means of Bickford’s fuzev producing a crater 10 feet 
in diameter and 5 feet deep. The operation occupied about 8 hours, 
but it was not repeated because the river was too high at the time to 
make it of any real advantage except as an experiment. 

255. The following calculation by the same Officer refers to the pro- 
bable cost of such operations : — On an extensive rock surface it would 
be easy to accommodate three or more working parties, t — we may 
suppose three, and it is not too mucli to assume that, with the pro- 
per appliances, each party would fire three charges in a day. Eight 
charges a day would be a fair allow'ance for the whole throe parties, and 
supposing such charges to be placed at two-lined intervals, or 14 feet 
apart, the whole number of charges required to break up a surface of 

10.000 square yards would be 462, the quantity of gunpowder about 

70.000 lbs., aud th.g jiumber of days iu which it could be done 58 ; but 


* This wa'? OTIC of tho cnilicf^t opcrafeioriN, and no pralvninc oi tnagnctic luittoi wns !it hand, 
t Eacli pair of i)otits would taktfnp a (.oTwidciahlo ■^pacc in order to keep tho mooj mg'-’ rlenr of cacli 
oUicr. 
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allowmg for unavoidable delays and occasional bad weather, it would 
be well to calculate on the operation lasting three months, which is 
about the length of the season moat favorable for such work. 

The cost of the operation may bo roughly estimated as follows : — 

BS. 

Wolkiiig parties, iiiduiliiig crews ol three pairs oC boats, 

20 men each, at an avciage rate of wages of Rs. . .‘{00 

Three Lallas m charge of boats, at Rs. l.'i, . . . 45 

Hire ol aiUlitional boats for carriage of men and materials 

to and from shore, . . . . . 100 

Total, . 415 monthly. 

As cxpeiiment has not \ct decided how lar it would be necessarv to assist the ac- 
tion of the cliaigcb by dredging away tlie dcinis inlo deep 'vatoi, (he hire of the three 
boats, at R.s. 30 per month each, will be added to the aboie — 

IIS. 

lii ought forward, ......... 445 

Hire oi three boats as lor dredging al Rs. 30 pei mouth, each, 00 

Total, . 535 

Total boat hire and laboi for three months, . . 1,005 


The work would of course require the presence of an Engineer and a 
European Overseer, whose salaries however will not appear here. The 
expenditure on materials would be triiiing, (^cept that on vessels 
contain the charges. This expenditure could be reduced to a minimum ^ 
by employing cither 100 or 200 lb. charges, in either of which cases, the 


original powder barrels would be placed in the mines, and no expens^^^ 
would be incurred beyond that of making thorn water-proof. 


If 150 Ih. charges bo employed, as here contcmjiliitcd, the cost of tin cylindcr^j^gg 
should bo added to that of preparing the barrels, as it would be necessary to employ . * 
for each 150 lb, chaigc, one 100 It), barrel, and one 50 lb. cylinder. 

RS. 'r 

Cost of prc])aring 1G2 barrels, at 8 annas each, . . 231 

4G2 tin cylinders, at Rs. 1 each, 4G2 


Total, . G93 


Making a total expenditure during the progress of the 
works of ........ 2,298 

256. The first cost of preparations and of a stock would be as 
follows : — 

The boats employed for boring and for placing the charges should be- 
long to Government ; but their cost would be a charge only against the 
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first operations, as the same boats would answer for all subsequent ones, 
as well as for any of the ordinary works of the season. Allowing two 
1,50-maund boats to each working party, at a cost of Rs. 1 per maund 
of tonnage, the estimate would be as follows : — 


Six 150-niaund boats, at Rs. 150 each. 
Decking and strengthening do., at lls 50, 


BS. 

900 

300 


Total, 

. 1,200 

* - Plant. 

Six 2 feet diameter boring tools, at Rs. 50, 
Three triangles, at Rs. 50, 

Three difl'ercntial pulleys, at Rs. 100, 

Three crab w inches, at Rs. 1 00, 

Miscellaneous, ..... 


300 

1.50 

300 

300 

150 

- 

Total, 

. 1,200 

Grand total first cost of boats and plant, 
Grand total cost of labor and materials, 


. 2,400 

. 2,298 


The above estimate for plant does not include jumpers, hammers, 
Ringing engines for driving the jumpers,* by which are here meant 
simply pointed bars of iron, not steeled ; blocks and some smaller stores 
which in this case happen to be in hand at present. Had these to be 
included, they would increase the estimate by about Rs, 400. 

Taking the figures as they stand, and adding 10 per cent, to cover 
contingencies, and the wear and tear of tools and cordage : — 

RS. 

The total first cost of boats and plant will be, . . 2,040 

The total cost of labor, boat-hire and materials, . . 2,528 

These amounts represent the coat of the operation on a sunken rock, 
as it would be charged against the sum appropriated for works, and it 
takes no account of the cost of European supervision and of gunpowder, 
which would not be so ; but where the expenditure of gunpowder is so 
great, its cost, if it entered the estimate, would become by far the 
largest item. In the foregoing estimate, the coat has been worked 
out by calculating merely from the extent of the surface of rock 
to be demolished, and it has been tacitly assumed that the charges 

* The snmpers on all the rocks yet tried could be hammcreil directly down through the kunkur, 
which of course can be much better done with a Binging engine than by hand. In the case of block 
kunkur.it would be necessary to work the jumper in the ordinary fashion. 
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would in every case reduce the kankur to a safe depth below the sur- 
face. This depth may, and has been assumed as G feet, but every 
additional foot that could be obtained would be of value, and be worth 
a proportionate increase of expenditure. In order to obtain a clear 
depth of 6 feet in every case, it would, perhaps, be necessary to use 
larger mines where the kunkur lay nearer f he surface, and smaller where 
it lay deeper. But it is thought that the average taken, namely, 150 
lbs. for each mine, is on the safe side of the truth. 

257. The difficulty of entirely dispersing the kunkur thrown up by 
the explosion of a charge, might be partially obviated by using rather 
'larger charges than those proposed, or by dredgiug, or by both me- 
thods. It is a matter for experiment, as no sufficient data for it exist 
at present; but it is suggested that it would be economical to work 
only on the deeper part of a reef according to this method j and where 
colFer-dams could be constructed, to employ them for the removal of 
all rock within 2 feet G inches or 3 feet of the surface, as in such 
shallow water they would be readily and cheaply constructed. Coffer- 
dams appear to hav5 been employed on the Ganges river works with a 
certain degree of success, but at an enormously greater cost than that 
hero estimated ; there are also certain objections to their use, which 
cannot be gone into here, and many of the rocks spoken of have a 
sandy substratum which would not admit of their employment. 

258. 4. The means to be resorted to for obtaining a suitable depth 
of water for navigation, are all comprised in the above paragraphs. The 
expensive system termed lock and dam navigation, often used in France, 
England, and other countries, which consists in dividing the stream in- 
to several suitable reaches or pools, by forming dams to keep the water 
in the pool at a constant head, and by passing from one pool to another 
by locks at the ends of the dams, could, it is evident, be rarely applica- 
ble to Indian streams. Something in this direction might, however 
be tried on such a stream as the Eavee, wffiere the river is of a mana- 
geable size, and the results to be obtained by its navigation livery 
important. On this subject, the reader may advantageously consult a 
paper compiled by Lieut. Hey wood, E.E., on Eiver Dams in France, 
published in the Extra Number of the Professional Papers on Indian 
Engineering,” (First Series,) in April, 1870, which contains very full 
information on this subject. 
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